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an i nproved met hod for production of

i sobutyl ene-based pol yners useful in rubber conpounds.
BACKGROUND | sobutyl ene-i soprene polyners, generally
termed "butyl rubbers", have 10 been well known since

t he 1930s and t hei j Les are
descri bed by Kr e?&oéﬁggm&i’i@m@% VER

ENCYCL OPEg ATIONTEEM SAROLREGHIOZABL.E MIONGVMIERS (4t h
ed. 1993). These butyl rubber polyners have good

i mpernmeability to air and a high I evel of danpi ng when
S ssed, and are used extensively
B e YR

ITe and pharnmaceutical 15 industries.
The cobkypresent atventi®decliys do Gatinpaoedsinethog for production of

pol ymeri zation process _at approximately -95C using a
ca%%pgyéqne%ﬁiﬁrp@yrﬁewse&ﬁxnsru TEOBRAUAN- i ni ti at or .

Initiators such as water and anhydrous HCO are used
extensively. Related patents are EP 0 279 456; WO
OBACKZHZROUND 4, 385, 560, 5,169, 914, and 5, 506, 316,

et o AR SR bl Mo e bOE ST SEORLDY
4 ptdl whAdno A difbe 2891 R -and i YHIRGE AU FrORGHSY Fe fuémlibed

to make these rubbers are well mixed 25'vessels o
ghyatieesgehand 1Wang 30 8 i K&xieOTHMER| HNEYGQPEDE HPRyHCHEMICAL

CIESHALED Loty FEOMdSd B PHIR, hRgl ke, Thecc bave
| 1408 GipelrBedo@Bp (ohair Sndr & YhiglolI6vel tdfedirmpial OMhaDRiraichal or

a heat exchanger. One enbodi nent of such a conti nuous
f lcomPsaspads eandt arAkuse@ sxtessivelycmmhput dhe figy aad jphaupaseutical
P . , ol [.ROS .
S0 1AM B LAY LA RIGE! B6ERzpign proces
Ofat apptb¥imateRcd39C usingha tE9E dodReisIpS LeAigAd and an initiator.
(reacted nononers) is circulated through tubes of a
hdaitiatore srehgervasyt aadpahpdrous Ol areyeser iexignaively| dirdateshpatents
: *el{%‘n%é%‘}gp 27 456, PIRY 0HAB6SACU'S U, 3815663 31169014, and 5,506316,
herein incorporated by reference.

Other background references include US Patent Nos. 4,146,692,
4,171,414, and 4,269,955.

The commercial reactors used to make these rubbers are well mixed
vessels of greater than 10 to 30 liters in volume with a high circulation rate
provided by a pump impeller. The polymerization and the pump both generate
heat and, in order to keep the slurry cold, the reactor contains a heat exchanger.
One embodiment of such a continuous flow stirred tank reactor ("CFSTR") is
found in U.S. Patent No. 5,417,930, incorporated by reference, hereinafter
referred to in general as a "reactor" or "butyl reactor". In these reactors, slurry
(reacted monomers) is circulated through tubes of a heat exchanger by a pump,

while boiling ethylene on the shell side provides cooling, the slurry temperature
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WD 2004/ 014968 PCT/ US2003/ 023284 2 being determ ned
by the boiling ethylene tenperature, the required heat

wo kapx/oa9d8 t he overall resistance to heat traneEBDS2008023284

the slurry side, the heat exchanger surfaces
progressively foul, often nreferred to as filmfouling,
whi ch causes the slurry tenperature to rise. This
often limts the practical slurry concentration that 5
can be used in nost reactors from21l to 28 w %

beiag deiewaired Hyhthe boilal ctieileret tenipetanee, the wequired dichtuunt and

and unreacted nononers. the slyrry tenperature
tl}@p%%%ﬂg Esisiancerie gt &renﬁ%\ric@nt st sl sideu ey heat exchanger
R B o AT T PR o, S ol e
shurry gémpergture topesea t Thig oftdihbmits cheearaetidah sliepgenantraton that

will cause a further ingcrease j,n Vi ScCOSi d t.he

o B R SHL PR 128 Wide i b teRlaedialt of the
sl'ﬁﬂ%}&me%t aRd uifcabit® nloroAGE! OMerate which can lead to
reactor plugging. Consequently, reactors experiencing

rapid warmup, often referred to as run away, are
taken oyt qf service, qui.ckly to,avoi.d foulin

o ugarnte Sha’ dibelfndincibeny IR b et Rbal i sty
VisbGHi RS, dalififg b @hcdkrable rédirtioh 6l Rl hebd Gnste? chbBficient and
tenperature of the reactor _as a polynerization run

apyighr deeyease ipslugydemperaire. pdhy increasain wmperhee wicause a
up_is the.result af SSi : t
R M Prelsh 0 iRESHY ool R BRREESRR LhuleSR uffn P s
bé({]oﬁliﬁfsttlhlletab&a@icbﬂaﬁﬁfb b@(ldh;iaragswhficg)cbaﬁ&;:ddema{emaf blagbing.
the follow ng equation (1); = A (Tslurry -
C?é%%w@}ve)fea@%}s oepefigagiag rapd Yarm e, ?f&@tre{eéfﬁé\‘féas, rungway,

aleStak of 856 RRkR 1 B § | Mluckifie! 8% sub t
oever%lfl()ﬁﬁeat {rans e?>t cogfofl?g?@n%an%#{gﬁélﬁé’ q . oupsequen
photposist e of several heat transfer coefficients for

the slurry itself, the walls of the reactor, the film

formed on the reactor wall, and the boiling ethyl ene

used Refetdf Bvarhead" the® Prébdeo edirh@ialiSe infRé YiRsdrAalel (he
reaction. The "T" values are the tenperatures of the

regcion oy apolymggadempinapregressesp & i opasignt paMaFalion negghe
W@r%[utﬂs%ogl%/ 1%%1%@80% a grogressive loss of heat removal capability in the
reactor. The heat removed from the reactor can be represented mathematically by

the following equation (1):

Q = (U) (A) (Tslurry - Tethylene) ey

where "Q" is the heat removed, "A" is the surface area of the reactor, "U" is the
overall heat transfer coefficient, which is a composite of several heat transfer
coefficients for the slurry itself, the walls of the reactor, the film formed on the
reactor wall, and the boiling ethylene used to draw heat from the exothermic
polymerization reaction. The "T" values are the temperatures of the slurry and

ethylene, respectively.



In the polynerization process, the tenperature
difference driving force for heat transfer nust

wopenoaes i f (a) the overall heat transfer coePdT/TmN3/023284
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U decreases, and/or (b) the heat transfer area is

| ost during a reactor run, such as by plugged tubes.
Both can occur as a result of filmformation and mass
fouling of the 5 reactor. Also, Uwll| decrease if the
reactor _circulation rate drOﬁ1 or the s

| .U .
vi scosi 1 e Re SREREioR ForsTy e STPRABHE Al arenosirivingrfgree for
by nehardn@tek AMsDherddBE FQHPhE GRkrallHleat ﬂré}ﬁ?é?'cgefﬁcﬁ[%t U c(ljecreases

slurry side heat transfer coefficient can be re
t o and/ee ()i the dsitt tyansfer tanen lsllustr@urlbg a teactSi emersuataasaby plugged

onB r turbul ent fI ljbowfas sho P’i
o s onBp) cdny o9t 6% et O R T RRRE A, D5 tbulif of the
( 0 18For DVRIso LD GRilKdddedse ifife (r@éctdi*@fc%lelﬂ%hliﬁerdrbﬁs bhghe slurry

slurry side heat transfer coefficient, Dis
di aiaspsity creases. r Adtboegh mehtwishiagstoembet b@md Ibyu thet fdlowing

s1 i RACERENIG, B b E s LERE s B M0 P et to

t hehd viseositp dfshd Elerr\berag SicdenThte eq@btidn®r Shibtledt fIlidi Fow as
the average bul k viscosity of the polynerizing slurry,

cpSs ?@nbﬁéwéﬁéﬁ%qo@@)eat of the polymerizing slurry,

jp@nd Wis the average wall viscosity of the
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polymerizing slurry. Therefore, hslurry is

propor |on2$ to (1/b O 4 in.sequat i (2)0.180
Qper at } qu:}uhug hese

reactors vary n CiTic reaction (2)
t aki ng pf*face and the s wist hi n the
reactor. One problen1mnth these reactors is the
presence of non-honbgenous zones beneath (or above)

t heyHRHTR, | MRetht es[url’xhﬁﬁg hfaﬁetgaﬂsﬁer'c%ffﬁ%?eﬁ 1%-{llikediameter of the
nmonomer rich zorie adj acent the punmp can

paredctulhaat tSﬂDISfGOtIlbleés mtbe ﬁ@tra&lstendlﬂéldltmﬁ tweeactor polymerlzlng
i nt oduced as hi asﬁgﬁ% noner ntrati

wh&MEYs ¥ Hiehs tagafage SEREID Of AR ARFY i8vEr U Oiie Pr bt Gyerage
i's g (JfQHLeérlu 1§ﬁ1| laxlelfaéggﬁlﬁ%stcsmép Pthd Pglgmerlzmg slurry, ¢,

i nventors have nd that, “surprisin

i niig thatspecificihént afthe pobymdriAnediney, antiemhs ﬁfeyavhﬁ 8-vallkNdcosity
is added to the system the reactor heat trans er,

ef Pf teobymenzinndny1 Tbesforg huus20pepozieadto (1/u,)"* in equation
2).

Operating problems associated with using these reactors vary depending
upon the specific reaction taking place and the specific location within the reactor.
One problem with these reactors is the presence of non-homogenous zones
beneath (or above) the pump impeller where feed is introduced. The monomer-
rich zone adjacent the pump can be particularly troublesome because feed may be
introduced with as high as 40% monomer concentration, whereas the steady-state
monomer level in the reactor is much lower, typically from 1% to 10%. The
inventors have found that, surprisingly, if an initiator such as a Cs or greater

tertiary halo-alkyl is added to the system, the reactor heat transfer efficiency



4 i nproves, consistent wwth a reduction in viscosity
of the slurry. This is wunexpected for at |east two
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2-ch|oro-2,4,4-trinethyl-pent%?e (TMPCA) has 5 been
denonstrated in the polynerization of an olefin and
the highly reactive para- al kylstyrene, as discl osed
in US. Ser. No. 09/684,713, filed on October 6, 2000

(aﬁﬁbxg)@gsd 50915%5&% %%a n%% UC{IOIE El%h rgggsgtg/tea?ptﬁl | atl on lS is

conua e

rubh@qpeﬂed)ﬁcueltleaﬁttv@freasKﬂ@Vm to act as retardi ng
nmononers in polynerizations. This observation woul d

tend to teach away fromusing a 10 TMPC1 or other C5
or |arggfed {Hegl's@BP{ 3 11.111{1 1{0p§ cBPor§ '5:4{ J&f?&l'ﬁtﬁ? ﬁ%ltat}l%t(%\/IPCl) has

rubber. Seton ertiar
i nbeenateoramssatedinathe tpelytmdmlzhtydrpdﬂﬂ N dleen G th@‘}n%ﬁj} bdaBfiVe para-

haHg have een égomm by Kennedy et a
Paf X@ REie: 2% @%‘95 B Ye- }%r%w @&ﬂwﬁyfﬂﬁdeon October 6, 2000
potaﬁﬂgﬁédztétth@é}sigﬂf_%fi‘ﬂ!hle g?e%é’ljtlteagpﬁgattﬁg 115??% ?ergéoﬁguga%d dienes,

when conpar ed els

i nfﬁi-lcb\ﬂe msert invthigyl rubbnmmasducgoﬁ eiré khosiny ke hdt o lrdz@raﬁﬁgi monomers

atch. experinments. Further,

I aé’kp (3}? “15{12%‘898 stclj’t‘% og%‘éqt{qnowgu Idnte{“héo deagh| avit &hm USIHg a
PrOVEPES oRBABECYE bitlargeh Bafiathisan afc Qﬁé’u&? QF bﬁt¥1 rubber.

changes woul d not be apparent e oi n
continuous, slurry process, nor mould the aSSOCIated

probl e f_reactor fouli 0, The. i nventors have i
unexpeg &8fl& & AR etREY al@glr ]ilaj}dﬁ mitig{prs ﬂ%ﬂiﬁ ggdert-butylchloride (a
co@paettids gal&ay Have h@en%ownge%;flc ) %rTQAYERSS. Patent No.
rﬁﬁgéor fouling associated wt using HA as an

G toorimpive ipehmbdenep arofyreetization om i small scale, batch

C S.v.Ih r.e i nvention

XS st chihpn 86 YRYD v VRS ) i Flor g pvhen

r uroniperigy h‘srtth@ricMDudi@l aat hEMRGIe i enflla6édl€ atdh) eszpeﬁmems
SUMVARY OF THE INVENTION T

m éﬁ B‘FE Pﬁté‘f%éﬁ?%é%&?tcmﬁv@ﬁs i he] %natﬂob&]é@}opli'oelessaneans that
eeBo Grafdfer hﬁfprv@éébﬂgy Qﬁ@l{geg raRRE &lot et yép{é.r@}% fg%’;]s fggW\g to a

reactor by enploying an inprove Cat &l

f (gontm@ulg,(ﬂlmpnozms; o vefulditheiasmelatdéd probletdofreactor foulin
conjugated diene to form butyl rubber. WO 2004/ 01496
PCT/ US2003/ 023284

The inventors have unexpectedly found that certain alkyl halide
compounds greater than Cy significantly reduces reactor fouling associated with
using HCI as an initiator for butyl rubber polymerization in continuous slurry
reactors. The present invention enables a higher slurry concentration and/or

longer run lengths than would otherwise be practical in most commercial reactors.

SUMMARY OF THE INVENTION
Thus, an object of the present invention is to provide a method of
improving heat transfer within a butyl reactor by employing an improved catalyst

system for the polymerization of an isoolefin with a conjugated diene to form
butyl rubber.



5 The inproved catal yst system conprises a Lewis Acid
and an initiator that 1nproves heat transfer fromthe

w@ologesgi ng slurry to the heat exchangi ng syBCEIS2003/023284
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built into the reactor by Iovverlng the heat transfer
coefficient of the slurry. Thi’s will ultinmately |ower
the fouling rate, and all ow higher concentrations of 5
nononer to be inj ect ed into the reactor and higher
ncentra s to be maintained, and/or allow

|
f he r bad POITEEVR AN SHSPRRGBIPTHeS § bEVirAQH Agd pefrofelor that
brd9es HeitSarlsPR TRV 1 ﬂoﬂ@nﬁ%ﬂ%ﬂ&ﬁf{o %@ % REndddfhe system

o uct and process. An eribo e presen
i nb‘élittlnt@nthﬁ sea@;tqlrfhyﬁowenﬁg thephicay traxysfd:rimeffﬁm&nt ofthe slurry. This

S e L S i R TR

Of mOAEmMEY tdTBE Enjb&e® ifth ithe TRRYVIFBIY lﬁ?ﬁe Iéoﬂiﬁ?:hﬁatlons to be
conj ugat ed di ene nononers, the reacted nonone

f orynRined, sindfor wllmmlhcrremer tor sac fara lo'ﬁger paudrd:)df time before

c Ogﬂ%ﬁllﬁ hds§ 1%i>%vng%éhe £0 elrcglala\ga;hlbeu ef%% ﬁlit%l?l :pg(;clggs.
wherein the initiator hasthefornula 15R1 I R2,C
| ec

X (A rei IS a haI

fr om ¢ neanarpo R of o mrdseB ARG Tes Mt Y iy pthe heat

t otr&sBfeal dapability WRdhinS &Eﬂtlﬁﬁ&@dslﬁrﬁ'@ BolyhRrigatfiireactor in preparin
g

consi sting of C1 to C8 al kyl, to C8 al kenyl an

phERJ9mE| RRolymagra ¢ ong ayefmiseq é@DOﬂfrfUmmw@n@m @pd one or more

(o0) en
phcgﬁnis]llf'éa't«%gd@ﬁfl Fﬁ) ﬁgle ﬁk%zpe%cétﬁg :?M&tc}éncé? %%ng urr}y within the
cyehcat. k¥he mﬂxd)dRSniprIXesCreE%hr{gB)l a poldfGliluent the isoolefin and diene

monomers, a Lewis acid, and an initiator, wherein the initiator has the formula:

Ry—C—x (A)

wherein X is a halogen; R, is selected from the group consisting of C; to Cs alkyl,
and C; to Cs alkenyl; Rj is selected from the group consisting of C; to Cg alkyl, C,
to Cg alkenyl and phenylalkyl; and R; is selected from the group consisting of Cy4
to Cypo alkyl, C; to Cy alkenyl, phenyl phenylalkyl, alkylphenyl, C3 to Cig
cycloalkyl, and

X C R, B)
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hal ogen; R5 is selected fromthe group consisting of

w@008014888 al kyl, and C2 to C8 al kenyl; R6 i s BEl/E810831023284
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fromthe group consisting of Cl to C8 alkyl, C2 to C8
al kenyl and phenyl al kyl ; and R4 is selected fromthe
group consi sting of phenylene, bi phenyl ,

a, co- diphenylalkane and --(CH2),, --, mherein nis an

t gr 10;
1 SEORG %50 dleRetR o seBRg FOR (g Bralson ity fiChio Cr bl
gr QhkpCPﬁi @Qalk 3@ ke skRENd EREPEOR AP donsiBtin C?’@mlﬁﬂorc ddIRyl, C,

Lewi s acid he initiator are contacte .
cotnt éistalltqnmbam;f phenytalkds end iRanS Gelscted ifpm e group consisting of

COBLAGHATL AL RS 800l ik AANG L0G0dl €5 IBOOTR Bt integer

cofeant t@l0;mdoihé2ini, YRS, rmﬁﬂ%&dn%l%nﬁ"@@ﬁbﬂ?ﬂbr byl ring
I n anot her enbodi nent, the invention provides ror a

cabyigmay, thy Xt grap Reing i @deiary earben peidan; ovhesgin the Lewis acid
' S %‘P& ﬁIe 1ﬁ1t9a?(%n4r¥ %Sﬁtﬁct‘e‘&’ %t%[ 4 ic&ﬁ?& 8f ftb dfe§§ Hafi %%s prior to
oved ca em and proce

hasmwmgdwskt meelrs@cdeﬁmlam&meaﬁérwmnmm lﬁ‘nﬁh@edie&ﬂurry within
advantgges for commercial slurry olynerlz%tlon 15 of

P Vi pRNCgRigaton qfp 0 Vgr{ﬁmi lgssyBops embggdiment.
i sobutyl ene para-nethylsytrene (IPMS) copolynmers. The
invention is particularly useful in production of
| sool ef imapathe-ahbodisieyly éreinf¢RiE) provged Jorer sathlzsti sygtem and

her PScotent arti.cul ar ..
S SBES G BBt h oSl R B pRISRRORBAg depase-allylstyrene
ha\éblﬁ@n&n@sghﬁﬁ infPMY RO APt dySteth add pAlte¥®hibeen discovered
percent PMS). 20 I'n a particularly preferred

entyddibnaffards many @w@leytné rdvantagds fedooumgreiahslurry polymerization

| h |

t ne? Hieks SR et HeanBR9: S oREfienR Bl P iy RS rene

|tor @IlfPMS)ted?ﬁdTﬁﬁéﬂsWEﬂlt}ﬁ: shentish A9tpabecta1ys tukdfel in Sroddction of
0 I m

broad i nvention, which is applicable

geireplefinparamaliplstignee (IPASH copglyawaas dravingr a highes) BASH content,

=808 R PR PR Lo TRAROS By e

di P esreehtdng. Hhﬁ@mmqﬁtpnbgnﬁ%ﬂiﬁtlon system for
copol yrmeri zing an iso-nono-olefin having from4 to 7

Ocarbon atoms and para-al kyl styrene nononers. In
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accor dapgg patiiddiaRly preferred embodiment, the copolymers produced contain
isobutylene as the isoolefin and para-methylstyrene as the para-alkylstyrene
comonomer. Discussion of these preferred embodiments should not be construed
so as to limit the broad invention, which is applicable generally to copolymers of

one or more isoolefin and one or more para-alkylstyrene (PAS) monomers.

In accordance with the present invention applicants have discovered an
improved polymerization system for copolymerizing an iso-mono-olefin having
from 4 to 7 carbon atoms and para-alkylstyrene monomers. In accordance with a
preferred embodiment of the invention, the process produces copolymers
containing between about 80 and 99.5 wt% of the isoolefin such as isobutylene

and between about 0.5 and 20 wt% of the para-alkylstyrene such as para-



30 preferred enbodi nent of the invention, the process
produces copol yners containing between about 80 and

wQ@N08/0w988 of the isoolefin such as isobutyl enePCHI003/023284

bet ween about 0.5 and 20 wt % of the para-al kyl styrene
such as para WO 2004/ 014968 PCT/ US2003/ 023284 7

net hyl styrene. I n accordance wth anot her enbodi nent,
however, where gI assy or plastic materials are being

prod e copgl rs conprise between

o ARS8, E DR R sFPRRASE, RRIEE ere ey

| sebplusticengeriad @re’ﬂmlx)g pfddhcedngg Wl ‘ﬂieo/@o&iyrﬁeﬁ@ comprlse between
par a- al kyl st gr ene par a- met hyl styrene.

pa?l?qué 40 ard 99.5rvetfe pf@a lwﬂﬁfm peispbutyleae, amaleabputdhs and 90 wt%
pr Qf'fhgﬁﬁﬁat yl?tgre?lgn&r gthSh @r pol ymeri zati on
of ran opo

proces ar’in ‘'ymers of one or

5nmore isool efl n nmononers and one or nore

par a- alkylstyrene noNoer s gﬁr|5|n reacting in an

anhydr olis pB“I'I}?‘ﬁ‘él?‘? &d%rP@ﬁeéy‘ﬁll Bents A0 ipyensienr Brovigeg dor a
po{xﬁ{tmﬁ&h pGiyhfeltl ﬁ%r&es@ﬂ)q ah% %.rﬂltoﬁlr coggg)ngers of one

pol ymerization”syste e| ng cap
I nesinyare eisexdeﬁm rmpmmerslo:mdr Ondﬂldrl aiooer ﬂmm/-alﬂtglsfylﬁ@le monomers
f or nul a. ein; R |sanalk

al %ﬂl@fﬂsmgawfﬂnga%www Sé’P SNy BY5En 06 ﬁ%lﬁ.rmrwglers, a

10 UPpdler SAv&RT RARwi8hLGHS alttn rifﬁ tialoBS$hid %@r}nﬁr%?%&f) Yystem being
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atons unless R contains at |east’ one

uneapebleaf famingan imgdtuR3ecton pairkdphor aitidtor tawingrthd formula:
groups containing up to 30 carbon atons and 20 can be
the sane or different, x is a hal ogen or a carboxy,
hydroxyl, or al koxyl group, and n is a positive whole
nunber; and wherein the Lewis acid and the initiator
are contacted with a contacy tine o\ from |ess than
60s prior to contacting wth Rhe isoglefin and the

par a- al kyl styrene 25 nonofrer

R, | X

wherein:

R, is an alkyl, alkenyl, aryl, aralkyl, or aralkeny! group containing up to 30 carbon
atoms but not less than 3 carbon atoms unless R; contains at least one olefinic
unsaturation,

R and Rj are alkyl, aryl, or aralkyl groups containing up to 30 carbon atoms and
can be the same or different,

X is a halogen or a carboxy, hydroxyl, or alkoxyl group, and

n is a positive whole number; and

wherein the Lewis acid and the initiator are contacted with a contact time of from
less than 60s prior to contacting with the isoolefin and the para-alkylstyrene

monomers.
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enbodi nent, the invention provides for the production

wW@200a/014968 yi sool efin rubber. It is produced byPCHES2003/023284

5

pol yneri zation reaction betwgen isoolefin nonomers.

The ol efin polynerization feeds enployed in the

present invention are those ol efinic conpounds
conventionally used in the preparation of 5

i sobut yl ene l: I B&uction of
pol yi sHbrarHy PihURRE: (B pifERlS, JREFLE 2R, the rbfuciion of &

MpeRRbRAal rudbéd T 1£§rdda®@1 bf/l uhe rmrhymemzaﬁonrma@rum between
such as isobutene. | n_one. enbodi. the.is

rre? 1 o {he resent
i isoglefin menausersonksuAleiia RobymErZation ifessls AR p
| %n%#%grpgrf E 51%ic co%%@rﬂﬁ coﬁvéﬁ"oﬁmy hse@qhQH@preparatlon of

ene -1 - peritene. Desirably,
t ﬂmbu&mle&?pm rulsbeir spﬁlgam}zisenef’refem‘tﬁy pthet polyisaplefin rubber are
preferred enbodi nent, venti.on ovi des for
P rpRE AR METRORSRETS OF @ G340 L ISP RRTTE Sgppgt such

p%ggggﬁkﬁ@tlon reactor in 15 preparing a honopol yner
of an Isoolefin, the reacted nononers forning the

slurry within t he reactor, a Lewis acid, and an

ini ti ator wherein | esb'erftheﬁgﬁsgazs@ &aecsf Rlibbiia_hon as

10 f r1§U|5h¥}J1‘§169fSQHlE’ce1§eo PShethyPDbfen&B-ethyB 1 Bukenl, 2-nddhyds2dbutene,
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to C8 enyl; R3 is selected fromthe group
cané Asmthgl b1pent@1e tIdesizgbly} thplisoofstinip isoButylqeny| and
phenyl al kyl ; and R2 is selected fromthe group
consi sting of C4 to C200 al kyl, C2 to C8 al kenyl,

phenyl ,Inphejaydcaldely predbdied [éhﬁﬁ&imenCStHeOnﬁﬂ:ﬁ)tlon prov1des for a
cycloalkyl, and RS X CR4 | R6
polymerlza‘uon method for use in a continuous slurry polymerization reactor in
preparing a homopolymer of an isoolefin, the reacted monomers forming the
slurry within the reactor, a Lewis acid, and an initiator, wherein the initiator has

the formula:

wherein X is a halogen; R is selected from the group consisting of C; to Cg alkyl,
and C, to Cg alkenyl; Rj is selected from the group consisting of, C; to Cs alkyl,
C, to Cg alkenyl and phenylalkyl; and R; is selected from the group consisting of
C4 to Cago alkyl, C; to Cg alkenyl, phenyl, phenylalkyl, alkylphenyl, Cs to Cyo
cycloalkyl, and




WD 2004/ 014968 PCT/ US2003/ 023284 9 wherein X is a
hal ogen; R5 is selected fromthe group consisting of,

wW@2008014388 al kyl, and C2 to C8 al kenyl; R6 is BE&I/861003/023284

10

15

20

25

30

fromthe group consisting of, Cl to G alkyl, C2to

C8 al kenyl and phenyl al kyl; and R4 is selected from

the group consisting of 5 phenyl ene, biphenyl,

a, (o-di phenyl al kane and --(CH2),,--, wherein n is an
integer froml1l to 10; and wherein Rl, R2, and R3 can

al so form adamantyl or bornyl ring systens, the X
g4vALRIDEI 919 hhlogen; Rl sadcyedsiadie @oap comsistingred, Gher@ aikyl,
the Lewis acid and the injtiator are contacte 'tfba
comt Goto s wikenyl: s dmsclpciads Fomeie GRRIPHAISISHNG PG 10 Cs alkyl
cen [ i ' | efiip.: : ot

o Sau7 G e 3R ol iy Slecty DM, B 1Ol consiting of
aph@fyilek] Wiphedni.asdiphénybkaneyanie-({(UHha-1, egereih anis@dsinteger

I th 30s, less_th 2 I t 0s, )
{ Bam 165 10 eovhorain KoL R Rkt Ayt Bcomanighfegorny! ring
T | id hi cal
(ERE B g%upol#é%céf}?\@éﬁ%{ ﬁdé%g{}t?ositldrﬁ’ afd 9r aphi ca

r epr esént ati-on yl polynerization

c oviditin thred_dwis acid ant diehi inBiatorgire tdrgadten withiaqentachémg of drom
plotted as the.reactor slurr si d eat transfer
céeéﬁfhaéi@ﬁf‘m BrIOf 10 GRYRFIHIR %FHF}E’&ECEOE N ur nover; 20

Figure 2 is a graphical representation of data show ng
butyl polynerization conditions in an enbodi nent of

t he i nenny o, the peevieusacpbediments alenotieg cente¢idimes, @tegpative
si de at transfer coefficien '
RO, B oo Fefea pdalt 15 R A5 tess than 205

I Gk ERANI5a le@tha 16kabales oMl Bg butyl pol yneri zation
25 conditions in an enbodi nent of the invention, the
data plotted as the percentage isobutylene conversion

Wi bISCIAPTIB BF PHEURAWINGS Lhe react or

residence I gure s a graphi cal .
r epr es@igiat il a9a gfaphiehbrepfesantatipninftdyta sh8@ing butyl polymerization

| yner i zat i ditigps i di ment_.of th
OB BT YRS LAV R O AT ap e sluy

ag;f HededdsRR QL FAERACA b &RIASERtdr tiovet h TMPCL
initiator present; WO 2004/014968 PCT/ US2003/ 023284

Figure 2 is a graphical representation of data showing butyl polymerization
conditions in an embodiment of the invention, the data plotted as the reactor slurry

side heat transfer coefficient as a function of reactor turnover;

Figure 3 is a graphical representation of data showing butyl polymerization
conditions in an embodiment of the invention, the data plotted as the percentage
isobutylene conversion within the reactor as a function of the reactor residence

time;

Figure 4A is a graphical representation of data showing butyl
polymerization conditions in an embodiment of the invention, the data plotted as
the reactor pressure as a function of reactor residence time with TMPCI initiator

present;



10 Figure 4B is a graphical representation of data
showi ng butyl polynerization conditions in an

weriadi4vemit of the invention, the data pl ottedP@rUS2003/023284
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reactor pressure as a functign of reactor residence
time wwth HOJ as the initiator; 5 Figure 5is a

graphi cal representation of data show ng butyl

pol ymeri zation conditions in an enbodi nent of the
invention, the data plotted as the anperage drawn to
power the reactor punp inpeller as a function of

r eact OFigesi 48nae 4 i glaphicaihaepiesente@l dfs detaesshotving  butyl

Sg&{gglgﬂ;aqggfc;ogatlﬁgs? é}é@ﬁé@%&ﬁp{eg&g 'ﬁi:}l.(ﬁ)gﬁ'}leglgg?;’_{g‘ﬁ ;diaérm?ﬁed as
Ete?%?glg:ﬁélﬁe 2 PRARRLLE re5<§91r RSaMRUROwhh IHata tl%ﬁﬁ%aﬂﬁ;

yheri zation conditions in an enbodi nent o
the invention, the data plotted as the slurry

tenperature_as a fungtion of .rea r yesiden tine.. ..
e e Sopies et SFUR% G5 b SHT g Mpaion
: E@mﬁt?cﬁﬁtih%’ et dfSthPiRReNbn, the tdag SlBGENEs BRS dmSdrage

reaction. Figure 7 is a graphical representation
ofirashat ta evenihegeadoraupsy inegeller pemfynctiph of reagton sesidence time,

functio TMPCl /| EADC cgntact t | . .20 .DETA| .
oBers P MG LR T AP e e heT ‘i‘eéa%%l?‘yg’s@dﬁ‘?l Srpresent
antB AR paftQF tHAesiehi 4@ of  isool efin copol yners

cont ai ni ng a conjugat ed di ene conononer. An inproved

cat al yst system and process has been di scovered which

af f or ds,. many . unexpect.e ) il
R e L
exanlias hehvéntodithet usetheoimverthadithenas plotted esbthe asdlurry
invention. To the extent that the .descripti M&

s fRIepergture @ﬂwﬁiumcéload?fée%P%rerF’é‘Fe tRe: Bi F‘%Hg 1s present
| g | foyd . ofld Rett of the
,OHE% S HROpEYSITIS LIS, SRODIEITE RIS R aulsia
ertedoment s. 30 The pol ynerization system of the

i nvention contains a mxture of at |least two
nononers, a Lewis acid catalyst, an initiator, and a

pol ar @iéﬂi‘@"}’t IS aTélﬁphical representation of data showing catalyst efficiency
plotted as a function of TMPCI/EADC contact times.

DETAILED DESCRIPTION

The invention concerns a catalyst system and process for production of
isoolefin copolymers containing a conjugated diene comonomer. An improved
catalyst system and process has been discovered which affords many unexpected
advantages for commercial slurry polymerization processes. The discussion and
examples below are focused on embodiments of the broad invention. To the
extent that the description is specific, this is done solely for the purpose of
illustrating exemplifying embodiments and should not be taken as restricting the

invention to these embodiments.

The polymerization system of the invention contains a mixture of at least

two monomers, a Lewis acid catalyst, an initiator, and a polar diluent. The
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reactor is maintained substantially free of inpurities

wobkioghi4ehn conplex with the catal yst, the ini PCHUS2003/023284
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or the nononers, and the polyyperization reaction is
conduct ed under conditions to limt or avoid chain
transfer and termnation of the grow ng pol yner

chai ns. Anhydrous conditions are highly 5 preferred

B
mesinples wighrtheadtalysonthb atitiatoh eor b oiweomarsd andithie poiptnsertpption

t echni ques I'1-kno in the art..Definition. of Ter
| GoaRBoR S5 oHRILFd e cPRFHTG I TP (Oro PR S hae PaPLEr and
t QerﬂﬁgatioﬁcéfJ@l%Sgr@Wné-E%leﬁler RAhids. O ARty aesus ESmaltions THRd @Xehly

used to catalyze the polynerization of the olefinic
mpnefereeds af readtivel imperities sypchaes eoshponasts chetainig deditve hydrogen

descri ped bel ow, a ot.her i nor_ cat st__component s.
5t (eter Rerii a0 el P Fomf R el B AP and
CtAbME b %éﬁﬁi@ﬁéﬁﬂ@ll-kﬁ&vn[ﬁ)ﬂh@ﬁﬁrs and reacted nononers
Wit hin t¥1e butyl -type reactor. As used herein, the

term"slurry” refers to reacted nononers that have
p .1 zed .t0 a stage that they have precipitated
f%ﬁﬁ@&ﬁﬂ%ﬁ. The slurry 20 "concentration" is
t he weighise@Be@R) thettbrh hessystepatati refes aomiidineludes any Lewis

wei ght percent of the reacted nononers by fotal igtft i
ofAdither ofher metal Fompdex usedrip catahg thepabymstigatiomf the olefinic
c e u ik *
SR Y B et IR, o e PR ot
i MiddEMy S cONDRd® D CHEM CAL DI CTI ONARY 852 (13th

ed. 1997). As used herein the term "butyl rubber” is
defined to nean a polyner predom nately conprised of

repeat AW | \gdr ﬁﬁéﬁfgﬁbﬂk &R isOUE chiaGhtUdisReh and th
30 repe%k?ﬁ%gihtggeﬁ%\ﬁ?v%& froma c%nj ug%alst edcdigntgsvv)an ©

2 (00diiddet9 681 RETLAUSROOBLGARBRER thelmtylHgpbisagioane- Based
Pol yner s

As used herein, the term "slurry" refers to reacted monomers that have
polymerized to a stage that they have precipitated from the diluent. The slurry
"concentration" is the weight percent of these reacted monomers--the weight
percent of the reacted monomers by total weight of the slurry, diluent, unreacted

monomers, and catalyst system.

As used herein, the new numbering scheme for the Periodic Table Groups
are used as in HAWLEY'S CONDENSED CHEMICAL DICTIONARY 852 (13th ed.
1997).

As used herein the term "butyl rubber" is defined to mean a polymer
predominately comprised of repeat units derived from isobutylene but including

repeat units derived from a conjugated diene.



Butyl rubber is produced by the polynerization
reacti on between isoolefin and a conjugated di ene

w@omenotyes s, thus containing isool efin-derivedP@mU$E03/023284
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and 5 conjugated diene-deriyed units. The olefin

pol ynmeri zation feeds enployed in connection with the
catalyst and initiator system (described in nore
detail below) are those olefinic conpounds, the

pol ymeri zati on of which are known to be cationically
initiated, and are free of aromatic nononers such as
P#obubyikyd-Bhyedeslymemnoners. Preferably, the ol efin

| t f eed | oyed t.h
P vant P a¥eber cmedted e PSS BARHID, TEB B SR paplefin
pgjl%j a cBgqu%qudgé&%;@Ho%m%ﬁs RNt bheiMRE idoBRiPRlderived units and

pol yners are prepared by reacting
a conjogme ismeniexrivert @nits. helhei oltfin epotnérivgtion feeskisemployed in

a C4tg C6.|spolefin ent. ch a

" somCRoR PR ¢3S IRl TR PeCTRFL PR dsiaihelow)

mﬁﬂ:ofﬂ%rse D &BEpotite 'tﬁé’?bﬁffrﬂéﬂlzhﬁoﬂ Rf avish Gee fkihowh 70 be
99.5 wt % by weight 15 of the total conpnoner

mcxlﬁmncealhynnma‘edﬁmid@dﬂ: freqof aramatig Bronemess, wehasparp-alkylstyrene
anot her e €. CO

oM¥PTOH5EYI eEr ¥ fhﬁr z%fé‘hp&liyﬂgflﬁ% oﬁgﬁsoﬁe?gﬁ?@?{w fhe' fhesent
f WéhﬁQn hRe fose MEfhit RopPeuRIERRELERdhallpOskd 1hrtB¢Tpﬂe'{§a1hﬁon of

5 W% in anot her enbodi nent. In yet another

el’obtydi-ltymnrubbﬁlr onlymers  Thes buiybenotynhaie 260 mEFRSRRSY by reacting a
mxture is ¢ gat i seol e

2oL AERASuAL By BT PO Ty o
blébﬁi@@nerﬁ §®hhyd -iboblatene neith 2¢yes hylikdidfin, em’repongngated diene,

oo cEmaPEIE. Thie frogle s i LBt ) o 53 by weight
FELOYbal %‘gg@g{] ﬁlnﬁu JTH 6R& %mb@dﬁnéﬂt netdg5- tBU¢9/§ RE% in

hexaél ene an |pery ene. One enbod |msnt of
buhyiher shubedinpat.y rithe amjigdaedi divwntomponat ip l@nalmidwdb?ent is

reactin 5to 99.5 wt % of Y, thO
TR DR comgRome B s iorth & &S 07t 4 PRopRRhEmens and
Y&tor® 1944165 v@t@@ﬁlddnﬂﬁi& embBdigfeat. Naryeeaiyvkkir ¥aibodinidig, from 8 to
invention provides for a catalyst system and 30

pricz wg¥ of the murheoter orixivfe is sogbedtehdieapol ymer s
cont ai ni ng a para-al kyl styrene conononers. An
i nproved catal yst system and process has been

di scoverRdisombfig s afc0tods vampoudexphciseidondernsagesethyl-1-
for comercial slurry polynerization WO 2004/ 914968
PoRtes? Gometybbdatene, 2-methyl-2-butene, and 4-methyl-1-pentene. The

multiolefin is a C4 to Cis conjugated diene such as isoprene, butadiene, 2,3-
dimethyl-1,3-butadiene, —myrcene, 6,6-dimethyl-fulvene, hexadiene and
piperylene. One embodiment of the butyl rubber polymer of the invention is
obtained by reacting 95 to 99.5 wt% of isobutylene with 0.5 to 8 wt% isoprene, or
from 0.5 wt% to 5.0 wt% isoprene in yet another embodiment.

In another embodiment, the invention provides for a catalyst system and
process for production of isoolefin copolymers containing a para-alkylstyrene
comonomers. An improved catalyst system and process has been discovered

which affords many unexpected advantages for commercial slurry polymerization



13 of these copol yners generally, and in particul ar
i sobutyl ene para-nethyl sytrene (1PMS) copol yners. The

WO pwent496% i s particularly useful in producti oPCD1S2003/023284
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i sool ef i n-par a- al kyl styrene f3l PAS) copol yners having a
hi gher PAS content, particularly

i sobut yl ene- par a- net hyl styrene (I PMS) copol yners
having a higher 5 PMS content (e.g. 10-20 wei ght

percent PVB) . LN t] di
R R A S e e S
| @PMBT bopodaterpar Theeinfiytiiy isepertslatlyeuseful in production of
par a- al kyl styrene cqonmononer. Di scyssjon q{} t he

r

piseplefingar S TRaRt AP SN0 HORONEIETD BARBR St Mgl 1BAS Copient
To Limt t : . . i . _
Bty uBIAR RO Aend TPRIS) Sofdhines B 2 bigher
ORRIO¢ontEt (. paila2lalvkightspeyceanBMIAS) nononers. I n

accordance with the present invention applicants have
di scovered an inproved polynerization systemfor

copol ygey | %ﬂ!’tﬁglaﬂﬁ Oﬂréﬁfﬁ@ RELBHRAIND tHa¢bpElymé® frb@iBed coftain

7 carbon atons a par a- al kyl styrene nononers. In
aizobutyhme easwitteh ismolefiaf end edreemiothyistoene @b thaepara-alkylstyrene

i nvention, the process produce oppl I nt al nj
DEPRBRHD A5 08 08 TsE BRI o s o AL B ued
I s9BYtYiBRehe BRI RSFNEERA WikieR is Spdicatld geferiftboodopblyeners of
par a- al kyl styrene such as para- nethylstyrene. In

aouopdmardsealefin ansbarieerr neard paaradklstyFeaaelAP) MGRYINES.
gl assy 20 or plastic materials are being produced as
wel |, the copolymers conprise between about 10 and

99. 5 Wiffeaedordire i widiokleS prsemrinyanibntappicmmts dadk discnvered an
0.5 and 90 wt % of the para-al kyl styrene,. or lefin havi
panarayed pplyvansyfizaen syserm et Rerol BReFanGER So-fpgo-oleln having

| i | L i®RoRiErsa InAecordance with
T80 RN 53 b lDRUBIOUES gt o Bcotmce it o
pekafeled Zatbodimemaof i e betwien thes podceds rproduvgsre¢opolymers

The ol efip polynerization e eppl oyed Ln the .
p,cgg‘r@mn?g Bﬁwgﬁq Aoyt ean(dh%gsg V%F/(éf)frﬁ]eclg%(g aﬁcg%as isobutylene
C%ﬁge@t 24 kbYut U §dalddd ZUhﬁ/t%rgp@lﬁeaghﬁth@}flst rene such as para-

i sobutyl ene-type rubber polyners. Preferably, the
paohgthysiyreati rin roedydancerwith prasherr wabasjmentabeyeier, where glassy

nmonomer.s of a C4 to. C6 isoolefi

S G RIasGp miter st bEing broged B Bl AR ACRC L HEHRRHSe between

PGHOMSAPA 99283 28% of e isoolefin, or isobutylene, and about 0.5 and 90 wt%o
of the para-alkylstyrene, or para-methylstyrene.

In another embodiment, the invention provides for the production of a
polyisoolefin rubber. It is produced by the polymerization reaction between
isoolefin monomers. The olefin polymerization feeds employed in the present
invention are those olefinic compounds conventionally used in the preparation of
isobutylene-type rubber polymers. Preferably, the polyisoolefin rubber are
prepared by reacting monomers of a C4 to Cg isoolefin monomer component such

as isobutene.



In one enbodi nent, the isoolefinis a C4 to C6
conpound such as isobutyl ene, isobutene,

WQ@200e0bs | - but ene, 3-net hyl -1 - but ene, PCT/US2003/023284
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2-met hyl - 2-butene, and 4-neihyl -1-pentene. Desirably,
the isoolefin is isobutylene.”5 Lewis Acid

| sononool efi n and conj ugated di ene, particularly

i sobutyl ene and isoprene can be copolynerized under

cationjc conditi ri gat i [

out byinrré)gﬁ 1o mﬁrg -me googéﬁcrg tqggl €a Jco o%ﬁ?‘gd’i‘ﬁig &fh as
t Rgbhtpreaatisehutene n%@leyluewsne% Lrﬂethﬁlt- mbmsns, & mﬂiyuamgene
Friedel -CGrafts catal ysts) which how

pand maretldtlpantenst ﬂﬁSF@YljB%ISP%? El%lé dl@fl% are Lew s
Aci ds based on netals from Goup 4, 13 and 15 of the
Periodic Table of the Elenents, i ncI udi ng boron,
allewishAeid gallium indium titanium zirconium tin,
vanadi um arsenic, _antinon

d bi t
entbodi FERIONoPIEEN rand] SOMNEAEY | fieHEm P DL g8y tene and
tl1§o B'r@anv’ﬁet (E)ga gdﬂﬂf? Er G GGS IchARti8ns. | Thel &olymerization

pra I Ce Of this 15 invention, weaker
agd cwnedr Guiﬂ)’}EfneaI[S&If aaIsewilseé,mdi eatdlysb Embgdlmell@;ﬁl eftthe ipvention

and 33%’ é%Lde%tagy 8%@11(}]13%@ nﬁ%—%@ﬁ%?@%&%&wﬁﬁcﬁﬁow good
E%% iz X6H ﬁétﬂnty Mekisatfe ChtalyBts late Medvik . AdRIY Based on metals

nt hydr oCar bon radi cal selected fromthe

g fmmp(}rm]ml sh3 angl ]cﬁ‘ ofthe PPerigtlip Table ot the rE}cfmenéq, );pcgp.q](lpg boron,

cycl qal kyl...radic e
PG A ChARLY s hAhe ShonBl, oS PRolOFenic
f ATbRE A Bigh&RN$h 5hé Brgbedimkeht) dhid metalsciné ahmmm,lm boron and
bron1ne and iodine, preferably_ chlorine.

" gitgiamkyith Fhenisum being desmblal It Hh B‘iaﬁ‘ilq?g‘)fb@? Hnetflga of this
glt I ‘%ﬁlﬁ[‘){l,cw%ﬁlg c{i | ontpha?F% rrdd AChey I ﬁt(f N&s 51§9Iaﬁ§ﬁ a@@bféﬁchmg

e tern1 a aryl" 25 refers
t Qind highdi ﬁl@hommoallvansmg rbes.h al i phat| c and aromatic
structures, the radical being at an aryl position.
Nonlimti ng exarrpl es of these Lewis acids include

al um nug | e eRlsUREQY HatE ol Séherd) FoRAula R,MX;s.,, wherein
trlfluorlde oron trichoride, ethyl alum num

di "o rai Gh@up BB AhcBhl2Ras a Em@yalelmhgﬂmarb@p sadien) selected from the

chlorlde y.

A ERPiTIgect & rosarcaiVh G EnatlT, APl nd sygloalis!

al YiicaYmMn@ngs bl hlﬁéé'é‘x"fr(ﬁﬁ WMoy X 1Y\ ha0dyéh Gﬂd@éﬁdenﬂy selected

PCT/ US2003/ 023284 15
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. The term "arylalkyl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an alkyl position. The term "alkylaryl"
refers to a radical containing both aliphatic and aromatic structures, the radical
being at an aryl position. Nonlimiting examples of these Lewis acids include
aluminum chloride, aluminum bromide, boron trifluoride, boron trichloride, ethyl
aluminum dichloride (EtAlCl, or EADC), diethyl aluminum chloride (Et;AlCI or
DEAC), ethyl aluminum sesquichloride (Et;sAICls or EASC), trimethyl

aluminum, and triethyl aluminum.



The G oup 4 Lew s Acids have the general formula M4,
wherein Mis a Goup 4 netal and X is a |igand,

wee@hetad y a hal ogen. Nonlinmiting exanpl es |iPCI/US®03/023284
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titaniumtetrachloride, zircgniumtetrachloride, or

tin tetrachloride. 5 The Group 15 Lewi s Aci ds have the
general fornmula MXy, wherein Mis a Goup 15 netal, X
is a Iigand preferably a hal ogen, and y is an integer

from ' ' :
tetr ag'ﬁll£1 ogfodlé) Agﬁswgnt %lrir%ﬁa&extﬁg‘%(egéﬁf f&%gﬁ%@n@ﬂéﬁfﬂ Misa
PatdupCal nddtdl Yanar X fig rar l@gimﬂepteferalﬁiydshﬂagerb eNanymufngt hosmles
usef uI in cationic yneri zat i [ sobut

cimgbidg fitanium rﬁﬁraeblpﬁée ZAF@?Llsm iz’ SpE tin rﬁgﬁéﬁ

Tid 4, etc. with EASC and EADC be| ng especially

pr ef erred. Catal yst efficiency (based on Lewi s Acid)

i n t heTheaednr13 bewiAudids lreve thelgeriemlmmawgowbbreimM isa

C ey 1 meighK ik g Proficbine e R BB pisternfom 3 o
pe! ynﬁ{o{'dng;}m ore %B?Pe)ésﬁnctl&lel %Qadlﬁ’m QftracBRridee ahd Pantihony

catal ys Ing the nolar ratio of Lewis Acid
t pertafldar@eor . I nitiator 20 According to one

enbodi nent of the invention, the Lews Acid catalyst
is wused in conbination with an initiator. The

i ti ab%ﬁu@ﬂf é}ré!t&%@d iR A5Q SayMbe Gy ajfethoseamam é Odtionic
bei ng preconpl éxed in a suitable diluent with t

¢ polyererizatiins ofdsabutydeney cepalymersommsiueingini A, SEAPC EASC,

e BB 0, 65K REEHRYATR B D L

These initiators yield a fast, 25 sinple initiation of
polymerization in the reactor as op ose to the, sl ow d
st epW| §@talyamefﬁ<a@myn@aﬁfﬁk/en\her‘r@s ofeggtor is marntaine

C% e%ﬁqEO(i)(p begf'f)élgghf/ﬂanb§ E‘aﬁ‘gl?&taﬁa 'Hgb g d?f olyj?l?er/lb of catalyst

ysSt "Sy s Initirators
cany elemabh_said theusgge bf 40@£Drhrmfcpoa5rmmﬂbr oficatalybtutor 1000 1b. of

pol ymer i zati on of |sobu e

P B Timap. of ARG S ILRe PaEoR SNt i AGH to initator

wherein the initiator has the fornula 30 (A): WO

2004/ 014968 PCT/ US2003/023284 16 RL R2 C X (A
Initiator

According to one embodiment of the invention, the Lewis Acid catalyst is
used in combination with an initiator. The initiators are those initiators which are
capable of being precomplexed in a suitable diluent with the chosen Lewis Acid to
yield a complex which is in equilibrium with a carbenium ion pair which rapidly
forms a propagating polymer chain in the reactor. These initiators yield a fast,
simple initiation of polymerization in the reactor as opposed to the slow stepwise
initiations involving several polar complexes in equilibrium characteristic of the
catalyst systems such as water or HCI initiators conventionally used in
commercial cationic slurry polymerization of isobutylene copolymers. The

initiator is a tertiary halide greater than C,, wherein the initiator has the formula

(A):



I R3 wherein Xis a halogen; RL is selected fromthe
group consisting of C1 to C8 alkyl, and C2 to C8

W@bdoany49p8 R3 i s sel ected fromthe group consi SeCTySWN3/023284
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Cl to G alkyl, C2to C8 alkenyl and phenylal kyl; and
R2 is selected fromthe group consisting of 5 C4 to
C200 alkyl, C to C8 al kenyl, phenyl, phenyl al kyl,

al kyl phenyl, C3 to C10 <cycloalkyl, and RS X C R4 (B)
R6 wherein X is a halogen; R5 is selected fromthe
group consisting of C1 to C8 alkyl, and C2 to C8

al kenyl; R6 is selegted fromthe group consisting of
Cl to C8 alkyl, 10{C2 to C8 al kenyl and phenyl al kyl ;
and R4 is selected firomthe group consisting of

phenyl ene, bi glenyTC—a,c®X di phenyl al Kéde and

--(CH2), , - -, mherei+ nis an integer from1l to 10;
and wherein Rl, R2, land R3 can al so form adanmantyl or
bornyl ring systenB; the X group being in a tertiary
carbon position. 15 Substitution of the above

structural fornmula radical (B) for R2 in fornu % b@
: edelein Xi is atalogen) Rowisplgcted finmn the @roup capsistiege & ioes alkyl,
0 102 [

SIS R R, gl o,

almue Cq Eﬁl&n?pmmylalklykmﬂﬁns gelettyd sfttorru‘dtegrallp con51st1ng of

formul a (C? contain %om ab{'l i.de ¥ k% C

c&nsPdeneakyl Greiely 3 \ﬁ%"‘i’i » gyl pheny, 108‘?595%3%)5& 310 %10

r%ﬁ@séﬁﬂl by structural 5 fornula (A).

MIt T T unc initi

ronal initiators are enpl oyed where the
producti on of branched

Rs

wherein X is a halogen; Rs is selected from the group consisting of C; to Cg alkyl,
and C;, to Cy alkenyl; Rg is selected from the group consisting of C; to Cs alkyl,
C; to Cg alkenyl and phenylalkyl; and Ry is selected from the group consisting of
phenylene, biphenyl, a,@-diphenylalkane and --(CHz)n--, wherein n is an integer
from 1 to 10; and wherein Ry, Rj, and R3 can also form adamantyl or bornyl ring

systems, the X group being in a tertiary carbon position.

Substitution of the above structural formula radical (B) for R; in formula

(A) results in the following formula (C):



copolynmers is desired, while nono- and di-functiona
initiators are preferred for the production of

wGaimshass al |y |inear copolyners. 10 In one deRCT/EHk1083/023284
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enbodi nent of structure (A), fhe initiator is an

ol i goner of isobutylene as in structure (D): C H3 H
H2ZCi X (D) CH3 m wherein X is a halogen, and the
value of inis from1l to 60, and m xtures thereof. 15
In anot her e diment, inis from2 to 40. This
structure is ahso describedias a tertiary al kyl

chl oride-term nat ed polvyi sooutyl ene having a Mh up to

2500 in e_e [ ent, an 1200 in a her
enbodine%?. No -Iinﬁﬁing exanples%of SU|tabIe )

initiators arejcunyl esters|of 20 hydrocarbon acids,
and al kyl cunyl ethers. Reppesentative initiators, for
exanpl e, conpfvse conpoundS3such as

2-acetyl - 2- phenylpropane i.e., cunyl acetate; 2-

n%‘;ilr‘l‘gﬂ%z}g %ﬁy@r%a%@oﬁo%ig%% %%%2003/ G35, goppounds

18epEsRpMd)byesnmeneal formula () ¢auanltwetdigsbeieblh eha)ldesta”nd may be
cunyl hal i des, artlcularly t he chloglde € 1
2 cehidared 2s ﬁﬁ@ﬁgﬂ prodipiese of those compoppds: AfRBSscied By siructura

( | - nmet hyl et hyl ) benzene;
1%%@§P%Eg%hloro-2-propy|)benzene, i.e.,
di (cunyl chl ori de);

3- r |3( gufl}gﬁllélﬁ]r@]glplgeré)?mtl@ﬁ) o%%lebﬁg?xegln\ﬁlgqr? géesproguctlon of branched

pQ:Bm)lnge?sr 15 Yebing, YHiRIh8&S  ankd- @-functional initiators are preferred for
ro-2,4,4-trinethyl pentane (TMPCl), 2-

brtherpro@yatjon-of sivbatarttiallp éineatisepgLyveSs ) |
2,6-dichloro-2,4,4,6-tetranet hyl heptane; cunyl and

al i phatic hydroxyls such as

1, 4- di (162mbByidsianyd edbsdinRyl of HerEeae)), the initiator is an oligomer
2, 6-di hydroxyl -2, 4, 4, 6-t et ranet hyl - hept ane,
1-ofhscbpbraergmain strst@p@OX- chl or obor nane,
5-tert-butyl-1,3-di(1-chloro-I-methyl ethyl) benzene

and simlar 10 conpounds. Oiher suitable initiators

may be found in U/S. Patgpt . 4,946,899, herein
i ncorporated by r ferencT ?or pur poses of U. S. patent
practice. These
H,C—C X (D)
CH,4
m

wherein X is a halogen, and the value of m is from 1 to 60, and mixtures thereof.
In another embodiment, m is from 2 to 40. This structure is also described as a
tertiary alkyl chloride-terminated polyisobutylene having a Mn up to 2500 in one

embodiment, and up to 1200 in another embodiment.

Non-limiting examples of suitable initiators are cumyl esters of
hydrocarbon acids, and alkyl cumyl ethers. Representative initiators, for example,
comprise compounds such as 2-acetyl-2-phenylpropane, i.e., cumyl acetate; 2-

methoxy-2-phenyl propane, i.e., cumylmethyl-ether; 1,4-di(2-methoxy-2-



initiators are generally C5 or greater tertiary or
allylic alkyl or benzylic halides and may include

w@eigHuet i onal initiators. Desirabl e exanpl esPOf/Usiveye23284
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initiators include: TMPCl, gNPBr,
2,6-dich|oro-2,4,4,6-tetrané&hy|heptane, cunyl 15
chloride as well as '"di-" and "tri ' cunyl chloride or
brom de. In another enbodinent, the initiator is a

tertiary al kyl cf Lde-ter t i

V\Ii’rf’ﬂy@j%ﬁen(ehé e%dcav ggg%%ﬁmg)% e ’uﬁlgr %gﬁ%gy%#a?%&laﬂy the

géﬁ&icllels,ﬂ Qe ﬁ%lh?@i-l@lﬁng}ﬁrbpanﬁg/?@., icm:yﬁd lehll;])yide. gl-chlorg-l- ,
I SSOlvIing I sobutylene di ner n ne cnj.orl n .

ey et ogmaenRy drioti2-FioTe 3 OmSHIbERERS] Kot b

= . L i >n L i . . . l.d ,
LSS Shok oI B ATE Y, B aspoand, biatitate e
apartibdarlyi the atldbridds; ez i2actdowehd Hritimethyipeataet (IMBKY, 2-

b 2R SR TR o 1% o peppepine
Uy ot HpBRID td;lt}kﬁﬁ | sleh (&hi SLEARIHERRY1-Sipk@RM)-Bigene),

an al'um nu streamto formthe catalyst
s StdihydrFtyl 4t GetatmamethyHesptang ectledhlgrpadgmantane  and

1-
oy P S SR SIS A 3
ARG BGRRRASMRh&G AARAHIE RiiSatbRARay1BS fqiih@ \th QUS| Batdie @¥v. 4,946,899,
possi bl e. I'n another enbodi nent, isqbutylene diners

ahereine nebrporated foy Heferensei fos puspRses 9b ) Pegalgnt peachige.  These

) bt S R o T P P s and

digdayeniciuae by fuastonai titla@rs hdddsitalple caniadples dff thesetinitiators
medi um havi ng:tlsorre degree of polari

: ity in order for

t ieclygdst y mefMPEL oFMPBrp r%é‘é]é‘aﬂ‘}arf"za‘{ﬂﬁéﬁgﬁﬂ%{é}glgel?tﬁ?ee. cumyl
To, f wlfi].l I S, requi.penent 1 "pdete€ oP fordifiaRo! aln amdth
ng%%dgz%i?%@négcga%hgeﬂﬁséﬁg%in tﬁeea?tefnative,ﬁg .
Mexibotienenf,, therinitiasr g heaeyiatyanlks] Chierids-tarminagagy polyisobutylene
desirabl e. Suitable nonpolar diluen onents

i et ¥ (YR, %rcaé’le%ﬁglcg%d‘llm Srcaghi} %foyﬁg omatic or

cyclic hydrocarbons or m xtures thereof. Such

conpounds include, for instance, nethylcyclohexane,
cycl ohdx ane embotlinems, the TMBBGL 18i mader by disselag dsqhutidene dimer

Appropyi.ate .pol a il ts j | t '
SR-RAY BhRuBE 3 i UE00S AREHUET ) AOBPAL Y, ot ctirice
hytgiceGanbpistheSRRElI 1By aRrTRenREs theedsullingtsomutionedfeFV@E! in

methylchloride is used as the initiator stream in a continuous plant to make butyl

polymers. In one embodiment of the commercial-type process, the TMPCI stream
is mixed with a cold methylchloride (chloromethane) stream and an aluminum
alkyl stream to form the catalyst system. This stream is then injected into the
continuous flow stirred tank reactor ("CFSTR") used to produce butyl polymers
under much more controllable and economic conditions than has previously been
possible. In another embodiment, isobutylene dimers are reacted with HCI inline

and then fed directly into the reactor.



liquid diluents such as ethyl chloride, nethylene
chl oride (dichloronethane, CH2C 2), nethylchloride

w@ eiosoreet hane, CH3CLl), C02, CHC13, CCl4, n- beeWiUS2003/023284
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chloride, chlorobenzene, andupther chl ori nat ed
hydrocarbons. Methylchlorideis desirably used in an
enbodi nent of the invention. To achi eve suitable
polarity 15 and solubility, it has been found that if

t s mxed, the mxture is
P@WEF% O%F&Pgél%asﬁhéﬂbglar di luent, on a vol une .
baS' S. TR sél&ctéd ﬂﬂﬂérity)rtdﬁl&elﬁaﬁﬁiiurp rshdmldtprmid@aLdihncnt medium
i ghts are determ ned hy ction tine, tenper

cbammlwrag idggree (o podaity r”é 05¢ert Ak t}*eeg%lyg]ﬁpgatlogn@ proceeg at a
Beﬁaﬁn}a{)le o | a]fbt ?lﬁﬁg HAR ‘agféé‘tﬂéﬁt}’a Iﬁiftﬁ@r(ﬁﬂﬁor{[ﬁ)@e&tdnﬁnpolar

ons W |I'l" produce products of different
mellesid &mn beisght $n tiBysltchesive, omitthe afesr a siglespniar dlvent, is
product w Il be achieved,. therefore

BIOe desitabler (futablg memPQRr dilent catRqnGHts 6’9?1\1‘#’3 hydrocarbons and
eégeg%rgﬁ | c li& ﬁm&r@gﬁﬁo&%ﬂrﬁﬁhﬁ@d th¥re@fll Stich dogounds

a technrque enpl oyed in the art and
s hmmde; fortlhﬂameanmtladcwtohbyarsa npdlohryand doluend, (rarhongtisudfide
&ontlnuous re

The r. t ha
Pihets prphroiay Biip: GhRGE aRo0gkRlen TG roRfipqns, nomal,
‘PAn RS @R &%\fﬁ@ h&&lﬂ@érbér%aCgﬂéélﬁc@ﬁﬂlp@ﬂmtls\dﬁd:lﬁﬂé the preferred
thereof capabl € of perform ng a _continuous slurry

piliquids dilusts Isuets adi ethylosklariiey wethylone qijonds (dlﬁblpmmre‘fhane

iy PR Gone [SHISHER R CELCHE ) BHER, COL, n-butyl

dQWRriYNEHIfGb¥BehEtdnd dihe dhiartiatd Nydrbcamhm*nsalMethylchlorlde is
sufficient anounts of the catal yst s te

pdesieably nsadeint anopmbadiment Qlethe dnveptigny z ewulteble polarity
Zooé/sgﬂu%% § R Cﬁl% %Q%ﬁ?@ﬁ?‘}f 110 aft@ny, rr&r RA@dnkORs Aixed, the

rfonomer’ con stream such that a
S uﬁﬁmﬁe Brefemibbuattleast 7@% poterdiveud, og adebinebhsis.
characteristics is produced. The feed-streamin one
enbodi ment contains a total nononer concentration

greateryd Egaﬁ uenyt%é dRASKIIQN hiclIft Meigh®y @let dddmiihel by

nononers, and catalyst systen) greater 5
t hreactidh tlm%tempem’rmda eonemiyatidnie natpye @fé he sepstants; and similar

odi ne am ..\ Wi f 5
RSB e SRR aBRB A B s o
V"@‘dlﬁfé‘ﬂ“entofno!'@é(lﬁa’fnibﬁelgl‘}‘[!;I UBthesis st tﬁat&hmﬁi reayisdre prodittewill be
feed-streamis substantially free from SIJ[[I ca catjon
prastiisved gthspfetee ghrough monitoring the course of the reaction by the
examination of samples taken periodically during the reaction, a technique widely
employed in the art and shown in the examples or by sampling the effluent of a

continuous reactor.

The reactors that may be utilized in the practice of the present invention
include any conventional reactors and equivalents thereof capable of performing a
continuous slurry process, such as disclosed in U.S. 5,417,930, herein
incorporated by reference. The reactor pump impeller can be of the up-pumping
variety or the down-pumping variety. The reactor will contain sufficient amounts

of the catalyst system of the present invention effective to catalyze the



10 By substantially free of silica cation producing
species, it is neant that there is no nore than

wO20905196% % based on the total weight of the nMPCDDE2083/023284
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of these silica species in jhe feed stream Typica
exanpl es of silica cation producing species are

hal o-al kyl silica conmpounds having the fornula
R1IR2R3Si X or R1IR2Si X2, etc., wherein "R' is an alkyl

"X I ._Fi [y, t f o
Sl 8RR BB PGSR i

PahGurd bk?&l%hﬁéf Bi8ng dAkkErell @BShiIONStS iiproidoces. ilhiel fedskstream in
such that desirable tenperature, pressure and 3 o
resi dehedimenireonnies & 10EE POROMES GPRFFRIERIAT (HEtFTe thap 30, Wive

diumin t | ' r W
RS Be 0 b L O e Bt ARLGRIL RS, HoR) R ehier
MpBR B ivtl/eRtmsthee ambodinieypi Inafet ynatbdysnzhudiraentythe fead-sream

ot LbApgein e N 55150 3RPRT SORIEY s b the toal
e&%@{ 81{ msﬁcﬁngoﬂlm{ a.fﬂg eokaBisBlyeteall! Y shoul d be
su antl a

y tree of bases (Such as caustic),
sul fur-contai ni ng conmpounds (such as H2S, CGCS, and

%?228@5&?{6%%?%%&?15 Isﬁs?@ft@gﬁ.grgg :ﬁ@gﬁe gl‘ﬁggtc%g n ggrtﬁﬁéféing species.
g%&tsﬂt%ﬁﬁu?%%%f%ﬂféa cAGorRbORNGhS sibRfks] #6s bk thatigere is no

oryneri zatlon reactli on tenperapure 1S conveniently .
s eloee thed (LR0HSAVISH basedent the detal weishhel thawnenomess olbegmsilica

and the n r . tob ol yneriz anel | .. :
RS an JoF oA eaa DROT e B P S ool Prah e Ypeeics
I @tcEhald-SIKHEEi BEAESn S Rind® HaViag theefbmuldRaRbRyFiKraxtRyReSiKoy etc.,
the polynerization is between -10C and the ﬁ{)r eezi ﬂ% 1db
paiheteinfRY kscenpdkylrand; '@ s grhalgeen e Minallyothe Teprh trameould be
and from -25C .- ' > [ . In yet
ASERER 186’?%%{‘@[ %ﬁgo%gﬁséﬂg, gtr?g%S)m 5004/ 014968
PCT/ US2003/ 023284 21 tenperature is from-40C to

-100C, and from -78(; to -100C in

h
erbod bRsaaianyepdas: AR (8t R deSibl s Brese

t QURGERAHCE AR LfectivOM mARGin he- b8l en hB&um in the liquid
tenperature 1s chosen such that the desired polyner
matae mdto wedgletthe desiet ipolyakrs adng ghecdastpd phasaderissics. The

will be from200 kPa t.o.160 Ra i:n.o0 ' <y
F Rog P 3o o ResRabAR: Basetar R aEp il hnich s
fram400 KEaivkowitARe kRalyish ui@dr e qionahermiionicorditions. For
The catal yst (Lewis Acid) to nononer ratio u |I|%§d
widxhmple, tHegsenomer feed preferably should be substantially free of bases (such
as caustic), sulfur-containing compounds (such as H,S, COS, and organo-

mercaptans, e.g., methyl mercaptan, ethyl mercaptan), N-containing compounds,

oxygen containing bases such as alcohols and the like.

The polymerization reaction temperature is conveniently selected based on
the target polymer molecular weight and the monomer to be polymerized as well
as standard process variable and economic considerations, e.g., rate, temperature
control, etc. The temperature for the polymerization is between -10°C and the
freezing point of the polymerization system in one embodiment, and from -25°C

to -120°C in another embodiment. In yet another embodiment, the polymerization



conventional in this art for carbocationic
pol yneri zati on processes. In one 10 enbodi nent of the

WO pweni496%, the catal yst to nononmer nol e rati oBCTMUE1008€23284
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from0.10 to 20, and in the yjange of 0.5 to 10 in
anot her enbodi nent. In yet another desirable

enbodi nent, the ratio of Lewis Acid to initiator is
fromO0.75 to 2.5, or from1.25to 1.5 in yet another

desi r abl e .enpbodi f. 5 OVELT C I gnb

CREPERRIE At P ST o SO0 BH0 it M r P oSk papther
| EmBREmERD a iveEMothd idsidbld EapddiRent, eheAbfippfatare fange is from
anot her enbodi nment. The concentration of the initiataor

i 180°C e dQ0YT.ysThe éwmpasetiesain FRosER ohvels gbatt headestrep plymer
in one _enbodi neni. . : '

P BATHERE bt by Bha i S ish bR S A 20BHPEYo 1600
| QP4 iBbRY erhbodifent, €@t 800 kBa by 1200 kPavivumtotiies| emtodenérs, and
the polyner. In one enbodjnent, there is fromO0.25 to
5fromrl0dP 2o L O kP s et pratherompodinge from 0.5 20 to
3.0 nole polyner/nole initiator in another enbodi nent.
The reacted nononmers within the reactor forma slurry.
The t eThe "@lkdlyst y(Lewief &¢id) tto menmhed ratin omibized twidlt be those

have polynerized to_a stage_.that they.have
DFUBIEBHRR oB THoaftt f8 SAPYGHPTICTRAVBFFAIpn processes. In one

) 81?18?@%&3[’195% A "inbéntioRe el st RE eGP imal® rhth@SRill be from

reac mononer s--the wei ght” percent of the reacted
morione 29, byd irothelrangeedhht tofl Otinenethgr embodifenenin yet another

unr eact ed mononers, and t al yst. st.em Ln e

el SRR B AR ST B oSSy o809 25 o
t @roff 19598419 inty2RAndiBerdMratls emdbginfiat. THO odérak Rbncenhietion
slurry 1s present in the reactor in a concentratign

eqfitiic miiataris foans@io BOhnpmoVifkinghy Feagiar naenrs grapodiment, and

enbodi theathe sl ur tratd ' : E :
e T
e RROtATRSH feed Bfeash W frym 309 tri@96Mpni in dieembaditnent, fand dirom
20 to 50 wt% And in yet. another enbodinment, .th

$11090 o 23R ah ereihriopmPadipioet o AROTRT MRS 1P GRSITHR e GFROY of

;ﬁrblfifgtflﬁl\f ioéo mdC:2004/ 19 1€’yq Q%y gﬁéﬁfrﬁ?&%&@@%ﬁé po"i dhe In one

characteri zed ving a heat transter
c eaftbilzhen théhss fromy).25 % 5.0afioleepblyimer/moleningiptert awhfrom 0.5
(2), In one enbodinment. of.the inventi.on, the heat
tﬁ%ﬁ@fré?le@abﬂqf@?@ﬁfm%?m Rerngthgt F‘?Q?C’émFPtom 200 to 500
Btu/ hr-ft2oF. I n another 5 enbodi ment of the
i nvention, the heat transfer coefficient of the slur rIy .
i s frorfit@0eactedomasen@s within thezxeqetor form a slurry. The term "sfurry

refers to reacted monomers that have polymerized to a stage that they have
precipitated from the diluent. The slurry "concentration” is the weight percent of
these reacted monomers--the weight percent of the reacted monomers by total
weight of the slurry, diluent, unreacted monomers, and catalyst system. In one
embodiment, the concentration of the slurry is equal to or greater than 10 wt%. In
another embodiment, the slurry is present in the reactor in a concentration equal to
or greater than 25 wt%. In yet another embodiment, the slurry concentration in
the reactor is less than or equal to 50 wt%. In yet another embodiment, the slurry
is present in the reactor from 20 to 50 wt%. And in yet another embodiment, the

slurry concentration is present in the reactor from 30 to 40 wt%.



The order of contacting the nononer feed-stream
catalyst, initiator, and diluent is not critical to

W koog/oi49ent i on. | n one enbodi nent, the initi apPCr/UVA3/023284
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Lewis 1o Acid are pre-conplgxed by mxing together in
cold nmethylchloride or other suitable cold polar
di luent, immediately before injection into the
continuous reactor through a catalyst nozzle in the
standard way. Ot her nmethods may al so be enployed that
will inject the initiator into the reactor. Desirably,
t he noTaersluryss charhcterdrdeant ]majmwg 8 hedthnkfeniecfAcient Aaghy) as
initiator at before ente r.eac In 15
L singer o o ABRIOn (B (b ALY STDRMTIERL OF 1 AuERRd e heat
a e r r | n WHBE-f°F. In another
ﬂ%%g ngﬁ%ﬁgP& ﬁghﬁneuﬁfpggﬁﬁﬁﬁzms?éggr|2|ng initiator
aamhbtmmem offthé ihvaniéors theowatitransfeyrceeifiejsneaf thy shiryi i grom 300
togigh gfvarylng contact tinmes. 20 Depending

‘yst efficiency desired, contact tines
may vary from 0. 001s, 0.002s, 0.003s, 0.004s, 0.005s,
0. 006s, 0.007s, 0.008s, 0.009s, 0.010s, 0.020s,
0. 030s Tho oddwf constg thy. ewynerdieetascany, @iyt initiator, and

0 dgbﬁé 1S 18)’[ }fglggal tg tlé%g%/ént&)ng 38 %‘Ee cglbééz)l%rcén& Qhelsglﬂf‘a't%r and Lewis

6 cid Sire Pfo-cordBlexdd by Opixify Qf)@ﬂ&fﬂ @ ead gtﬁsthyh’chlomxdle &Osther
or less, 30s or |less, 40s or less, 50s or 25 | ess,

osuitabls coldogoler diligey, imaredisitely cheforegiechpn | gl thels%tmuous

Ir%afcgolrgﬁﬁoué}} é?%tgiérs{ I?OSZ?Ie dﬁ'??er gx%n%gd %y Olzer nlgéll(i}gd'stnéay also be
6Qﬁ1plc5|3§:d thed willdnjebt thd Smtlatoﬂﬁﬁo the. r@d&z&oﬂ; dD&eblypthessonamer is

10s, and 0.10s to_5s., |In an t her e
" mobratiesied Vb 186 BOVIS AT HRTRaE Br el Hlsgng thejfpactor. In

A efj aﬁ(ﬁﬁerp&ﬁﬁ&%leﬁx i@vﬁg‘gcid‘hﬂﬁﬁdmitmt& dBednenesd @e reactor
rou a single réactor nozzle. In yet another

emb@ﬂmnbmt of the invention, the stabilizing initiator

and Lewis Acid, when fed into the reactor separately,

are preconplexed in a mxing WO 2004/ 014968

PCT/ US3Q Q348234800 dimentZTRe ivEltidh, tHé%tafbelaﬁﬁg)fmtw\Mﬂ drel Lewis

not wi shing to be bound to theor i s _believe

t hsdid teheeallasvidstopricepraplex fomengq%%/qutilpwlthn‘iamas gpntact times.

c ine to vield a b [

e%epﬁpg i e ¢ ta?js%l eléﬁ?lgl?r&)gﬁfred ' gttﬁlaél:s?re% Vary from

f Q. 00152 0.0029PROG3S, DS 910055, c(h@ﬂ&s omomeo ﬁ@&sgtowwm 0.010s,

has been di scovered t hat shorte 5¢c ha
D Gox D80 e 15081 0 Db Pt Ul 028 HHy Lpods, Tofvos Y 300s
ef § 4 6seH5¥0s, 0.500s, 0.600s, 0.700s, 0.800s, 0.900s, 1s, 2, 3s, 4s, 55, 65, 75, 8s,

9s, to 10s. Preferable ranges include 20s or less, 30s or less, 40s or less, 50s or

less, 60s or less, 70s or less, 80s or less, 90s or less, 100s or less, 110s or less, and
120s or less. Other preferable ranges include from 1ps to 120s, 100us to 60s, 1us
to 30s, 0.45s to 25s, 0.01s to 20s, 0.05s to 10s, and 0.10s to 5s.

In another embodiment of the invention, the stabilizing initiator and Lewis
Acid are precomplexed and injected into the reactor through a single reactor
nozzle. In yet another embodiment of the invention, the stabilizing initiator and

Lewis Acid, when fed into the reactor separately, are precomplexed in a mixing



In a particularly preferred enbodi nrent, TMPCL and EADC
are conbined at contact tinmes in the ranges from 1s

W 2002800968 100s to 60s, 1s to 30s, 0.45s to 25BCT/0SD03023284
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to 20s, 0.05s to 10s, or 0.1Qs to 5s prior to

conmbi ning with isobutyl ene 0O as the isoolefin and

i soprene as the conjugated di ene conononer. |In yet

anot her particularly preferred enbodi nrent, TMPClL and
EASC ar,e .conbi.nedyat:;.C b ' ed
eng g U Hg0Re T yHhisIRR pASlint AR bbfd, BEnEA5IRAs beReD
Qe t8e LowR08cid And B dtsbillfag imtiatbr ddsbihe thgieldra sable gomplex

conbining with 15 isobutylene as the isoq] efin d

i whigh eite I Laibrisem;Wilh % SagrRHE é%‘i‘m?%‘ié%‘&ﬁ flﬁe%&e forms a
embodi nent e LR af nhs pbedt MisehRréNehat shorter
i@85?g§ﬁ§gtp81§r$%r%%%%ﬁﬁ efﬁe%%tg? conpri ses sseverr.al

SécRREt tifiek Bhve @ urRapdoted beavficigl effostiompcatalpst dféeiency.
capabl e of up-punping or down-punping is provided. The
punp inpeller is 20 typically driven by an electric

ot or ﬁ i Baﬁicﬂﬁﬁ? gﬁ&@h@d aRBediARs:, TMBCT RRCEADC are combined
typically s equi pped with parallel vertical reaction

t steatact tilaknimthp amges frovohtsdp i2figy 100gitago0st hys ontds, Gres to
G2 20815 h A 89585 35cr PR PhpltglsupEiing Sy sapuviene
LT P

25 polymerization reaction away fromthe form ng

o]0 1o R RS B oA M A nSC are

MRHRBRES at LHdtadtdinédie theagiges frohubpsto R Fsedfo)st toeklls dfis to
the i soprene and isobutylene in a

gol % di | yent .i.s. h
s, ekPsitm s, O s i@ ads 8055 o ks weer! B8 s Ao R SbiRine wi

| es an 0} 9 ' 4 iShd d .

c GBS 25 Bt A borle AUPEAELAEUIEAS dmmomer
The catal yst systemis then charged into the

feed-stream the catalyst . system having a | '

and an I fing; epkpdinges p?lﬁ"’énﬁ%}%r Oﬁ’l éstolg%ty%)e%lg\f%rngrﬁ ﬁérglae to
t bbb § &36108tepd NBrst @adad@ b @A A0S pump impeller
rrg%%rgrrgr lé\’kg&‘cdg)trﬂ;?fégt syst e?r? ar erSV\D 2%04/ 014968p i

PGAEpAIE2 00 3baRBEB4g op Aloain-pwering ds PoNHdek dhe mr iapeller is
the reacti.on thus formng, a urr t

ARG SRR, P IR B R Rl Bt ) Pl goactor
t Q?rprlgalgﬁ % &uitipelly withhparallélusertioalmeehction ylubesibhighin i & jacket
alTowed to exit the reactor throu

| h an outlet,. or .
oubhtatning llignl oWy iceesi B (BT WINER FGIIGHRE the tubes, is
f egerga{téc’rt {h%r‘i"?oct%%@ lli@s,ttﬁuéz Qe{Habféu@f la}éku Scale volume polymerization

reactions. The reactor typically uses liquid ethylene to draw the heat of the

polymerization reaction away from the forming sturry. The pump impeller keeps
a constant flow of slurry, diluent, catalyst system and unreacted monomers
through the reaction tubes. A feed-stream of the isoprene and isobutylene in a
polar diluent is charged into the reactor, the feed-stream containing less than
0.0005 wt% of cation producing silica compounds, and typically free of aromatic
monomers. The catalyst system is then charged into the feed-stream, the catalyst
system having a Lewis acid and an initiator present in a molar ratio of from 0.50

to 10.0. Within the reactor, the feed-stream of monomers and catalyst system are



5 constituting the continuous slurry polynerization.

Advant ageously, the present invention inproves this
wEe@ees®es N a nunber of ways, ultimately reducP@rusive3/023284

anount of clogging that occung in the exit port vvh| ch

is measured by pressure inconsistencies or "junps”

10 The overall residence tine in the reactor can vary,

dependi ng upon, e.g., catalyst activity and

C%p%%&‘i %]:t oD ARNREr, ARNESMHOh dhiORrmirgesiinty %@bh@f[‘rubber

duct i on rate; reaction tenperature,” and
deglicreia t]‘m bleayiias awenghtiration of Gene 28 Wije twbl wille Finally, the
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I nj’ection rate. The resul tant pol yne
5 fraonstﬁn’engﬂtwoobmmmusoﬂmtrh evommmrztatl@n Adyantageously, the Present

poI |sobut ene/ | rene . (b

PtRB S A0S 4R Bl ks R fPibie e
t Qm?oun@1 RE cRIpgHpSbUburPTh Be dxitOpard whidlD is?measiddebp ressure
100 nol e of mononer. This product may be subjected to

subsegistamrichat Gyepsti on to afford a hal ogenated butyl
rubber. 20 The new catal yst system and process affords
many unexpect ed advantages for comercial slurry

10 POl ymerTiebvepdll efsidesetigki il SharacooRhn galtyedepbrﬂn%upon e.g.,
The inprovenents obtained with this new.ini

ar e
desnirhett rastieiy ipd conqrRfratien. MmefoRRr @éls%raiﬂegtﬁe Figetion rate,
follg
LAY O SR b0 S SR AR ey N, nd senelly
I i mn belget@éert dnmusmmpﬁnmte ztrideﬁverhoam; amhpref‘erabip between about 10
Labor at ory Experi nent | abor

o 58 A HBIRES GFIEP AP VL2015 GR BB BT RF Bmris fmonomer
15 ' nfég@ﬁﬂé&qm Il i€ didafit }%d] EmBl Bk cHe@ntbodiRGT: 0B Bvention

ese | aboratory experinents, a feed

bI B rajpaiquolsmjdanq/iseprene{ folymert @utyg]n@bbq:@; that dapa mapleculgropyeight

| ch illed to S

BRSO a8 T S5 PR RuphD 25 moepe
Dolmblezcﬁ‘i'ndﬂ’c‘mﬁ:@ PEhR R BXPBEY BE Bl edwd QB I HE8nation
PCT/ US2003/ 023284 25 addi ng vari ous anmounts of Lew s
aclochffond a halogenptest byl 1yhlesin in Table 1. The initiator
and Lewis acid concentrations present in each
experinment are shown in

The new catalyst system and process affords many unexpected advantages

20

for commercial slurry polymerization of isoolefins and conjugated dienes. The
improvements obtained with this new initiator are demonstrated in commercial
plant scale tests. The following examples reflect embodiments of the invention

25  and are by no means intended to be limiting of the scope of the invention.

Examples

Laboratory Experiments. The laboratory scale experiments highlight the

unexpected nature of the invention exemplified in the plant scale experiments
30  below. Inthese laboratory experiments, a feed blend of isobutylene (9.7 wt%) and
isoprene (0.3 wit%) in methylchloride was chilled to -93°C in a glass reactor

contained in an inert atmosphere and polymerized in separate experiments by



the Table 1 as ppm The Lewis acid and initiator was
added to such a degree to the batch reactions as to

waedumoroet 30 to 45% conver si on of nononers asPGI/US2003/023284
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determ ned by the gravinetrigsyield. In all exanples,
the nol ecul ar weights (Mvy) were determ ned by Gel
Per neati on Chronmat ography using a Waters

Chr omat ogr aph operating at anbient tenperature (30C).

T o S Ao S S .
S s g s o
| Seheye s Rol B bt B@A iRt addRigR speb pdgeree to
ahfe bAAR FRAVR'S & Gcieithagh ubesksdycdav¥RMPBT Imonomers as

Chem ca Conpany (Houston, Texas). The nol ecul ar
weletpminetl by Tabgravimeriey zhl. duetlagemples, thhmedeculpn sveights (Mw)

each experinent. 1 ABLE 1.. Lab t [ t

oatele SAREHUTRLL Y ¢ 8l arkraction: | Qo AL, S b Jaters

( Rmflmﬂi'ogfa?»h eratiflel at @%ﬁﬁerﬁ@ﬁgér@ﬁ@é (FPCLATHRAQCT Matheson)
5 440,000 3 TMPCI 70 DC

t-BuCl ( DC (210) 55 ] ) .
( ¥86) ukd %10, WO0ppm SPVEEN, (andothe Harxbutdeigyriae (4BaChosldrich

5 TMPCl (105 SC (260 465 .The

? gl G Eﬁwf‘selg'ﬁe-%b%?t@f i SaridhG T8 ARPOR Btnage by
t I xoRVRGI | @enyiBdl APdmpdnyt fiémrieshitiland divwkry bn® GIGIMBY niethods
a batch | aboratory scale 20 experinent, there vva? no .
sicgrImen: Enthe dirts £ BheemoBomas e mankiactuted by Faxenlodil Chemical

S BIBSRL IR o AECURA SR Pl e o

i nthieb eursdbt eavh@nperithentr y pl ant reactors. Surprisingly,
TMPClI initiated continuous slurry polynerization
resulted in significant heat transfer and viscosity

benefits, W‘FABEgLSf. gii;%b(hawflympmnsﬂﬁn ipeh 1 at ed

pol yneri zation not . "WD 2004/ 014968

PCT/ US2003/ 023284 26 Pl ant React or Expéf gmeimetric The
eXGRhEe ar emihergpasd bel QWi Avid §pad i ON  yield Mw
1 HCI (22) EADC (230) 47 242,000
2 t-BuCl (55) EADC (210) 55 440,000
3 TMPCI (70) EADC (180) 33 510,000
4 TMPCI (130) EADC (350) 43 400,000
5 TMPCI (105) EASC (260) 34 465,000

These data show that, while both tert-butylchloride and TMPCI increase
the molecular weight of the resultant butyl polymer in a batch laboratory scale
experiment, there was no significant difference between the two. Therefore, from
the laboratory data one would expect that both TMPCIl and tert-butylchloride
would behave similarly in the continuous slurry plant reactors. Surprisingly,
TMPCI initiated continuous slurry polymerization resulted in significant heat
transfer and viscosity benefits, whereas tert-butylchloride initiated polymerization

did not.



to the figures in which the data is represented.
Typi cal reaction conditions wwthin the reactor are

wo poogwiw | i ned in Table 2, which are conditi oPCT/182003/023284
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the continuous 5 slurry reacfor plant test exanples

with initiators of the invention and conparative
exanpl es using HO and tert-butylchloride as

initiators. TABLE 2. Properties and Reaction

Conditions in Plant Scal e Tests Property/lngredient
Anmount / Val ue Production Rate 6000 | b/ hr (2,727 kg/hr)
Feed Raffr ROt intents 1 ThaQRainglesraye disanhest dlewen (élation

feed-stream) 30.7 w%to 39 wm% 2. 65
TRy figpeyds Bhishi tbﬁ}ia‘%ss F%’I%Pmecés 135 r@f‘i%?‘}“"“é&ﬁ@*?%&“hm
@m g%ﬁ&m ﬁ% fﬂ‘%t uttlgneqi ﬁaa%llé‘ﬁr%h@neﬁ'@ %ﬁ&iﬁb&r‘fogﬁhé’\'&(%iﬁrﬁous
3 utyl ene nversion 85%to 88 W%
Dilinre Réactde tolytt a:eh;t exdmjsles wnhUnmlatoReaf:ﬁ)e nnvmttp@ ead gpraparative

-98. 30C (- 145F 10 The 0 Tabl e
covamplesgtsing JC q’r‘mﬁ? ?5213151 F(S?‘lg as vveII as

the HO and tert-butylchlori de initiated reactions
except for the following: in the case of the TMPCI
i ni t i AABLE 2aBtopenties dnel Reaation Genilitions i Flant S@@J%Eests

fFrom 0 7 wt 046 t 020 .\t OA\ | a f!‘\e Ccrmﬂr GL: v u.llpl &S
he feed’rﬁpéﬁﬁﬂﬂmdt‘@ﬁst ant at 30. 7 V\%‘%O“?F(X?" NOMEr S
ttH-ed uy Exxorivbtr y 1o
% 11iaft &xas). The met hyl dh gg?%”élb(? ne& cal
CPERPRME, EADC (Al bemarTe), [a@20006@b/h Bmﬂi)@d@ﬂ)r)\/\er e

ysed as received, and the TVRC was nmde by
:?sobuﬂylﬂmeI(lnCﬂaedﬁtmm)Corrpany l:y30|=7e‘é(&f’|t‘hé9 WBbut yl ene

rs —and HCI fr o haode

¢ S>—aHHo—iot H-eHHREethoatS UL lllc art= VKJ

_ %@?%‘54968 PCT/ US2003/ 023284?}%Wgur e 1. Figure 1
ST @G FRIToRFPT eSEN T T Orf FHTLFa( s SRghiNg but y

)0 yner zation conditions inlan enbodinment of the

| DADETOMPCE (aeolefatode) pl ot t ed dsl-> thb2Peactor slurry

: Shutsy omgpggtng;; Sr—coetHrereRtasHE Mg pnof
Isobutylene Conversion 85% to 88 wt%
Diluent Methylchloride
Initial Reactor Temperature -98.3°C (-145°F)

The conditions in Table 2 correspond to TMPCI initiated reactions as well
as the HCI and tert-butylchloride initiated reactions except for the following: in
the case of the TMPCI initiated reaction, the feed blends were increased from 30.7
Wt% to 39 wt%. In the comparative examples, the feed blend was constant at 30.7
wit%. The monomers are manufactured by ExxonMobil Chemical Company
(Houston, Texas). The methylchloride (Dow Chemical Company), EADC
(Albemarle), and HCI (Matheson) were used as received, and the TMPCI was
made by ExxonMobil Chemical Company by reacting isobutylene dimers and HCI

from methods common in the art.



The slurry side heat transfer coefficient (hsiuny) is
the heat transfer coefficient (h) 5 of the slurry

wardohionoshe butyl reactor tubes, as opposed toPCTIES1903023284
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transfer resistance of the ., eactor tube walls and/or
the heat transfer coefficient of the boiling ethylene
used to renove heat fromthe reactor. The value of "h"
(Btu/hrft2F) is a function of the viscosity of the
slurry_.(b), ,a i S t : I

Si ede rE’%éf)te e! 'egt‘ﬂ%‘t“leo{l §34( g)g? %?hg%%é A P%l\?ghﬁl%ﬁlll ghﬂ%g;bum
eﬁ@ﬂﬁér%ﬁoﬁ kendigasd Branasbalieest efdtheiittention,rtbe data plotted as
net hyl

ylchloride (the diluent) filmcoating the tubes.
Tthe refictor stusric &ldp &1@%@@8{% eopliickens @y, Fr@mtf‘gw&*g’feéftﬂii glmovef'
d ghe, f 58l domas hen Bfiradd& coefficient (
?@}Fpsém a{dg%ggt {rﬁgfgrféro gfzen ] &esmfy? :?é;}ﬁ%;}% bg calcul at ed ®)
f 6fOthet $1errrORThiBr theobutgi teaator dnbésn ashepposed: torthg Seaih gransfer
the correlation with its freezin oi nt . in h
cigeiabnisnol 3)° BECI, Sohevala| o F TeHG PPt SO fggnt of the
ind " r I Wohy tHeSreatibi MEk: valuer 6y "h"
E&%hr-lé (eg;ﬁ%%Tg él?ffrté/ r%ﬁ/gédﬂiagﬂe \?,her e Qei s the hegt
r Soe - FF)dsn tfirection af ther vishositn gt fheIsiurest (Lpaendis relatadgs such
the heat . transfer area of t react or sturry is the
abBéFhSd\éet“t}H}oW’t é‘ﬁ‘geé'r@t%?aéla ?nF"ﬁéh%"%%SS?SPO‘Iezo slurry,
and TMeClice (MeCl is nmethylchloride) is the average

tenperature of the frozen ice film_  as defined i .
equat i brthesd exrehrdes, thRvsartor svas opergted with @ fregzegymatijylchloride

where.-143.8 is the freezing i el )
oREp iR St e TR FR8 rtehER ey n® ! Bl sturry
c Mkt dn@the froze® gt fine nas ientheasatedrs r'Yhe Whperature of the
2004/ 014968 PCT/ US2003/ 023284 28 The data .in. Fi. ure 1 :
sfroven isorfar eani becalgtlated dropp 15 TRNOME, ?qnﬁ?I&Eﬂt‘BBtlgl € reactor
pal r L Q] i below, the value
o8 R e EpliG s g R, P (Bubffion (3 below,
besitthd éltirl iside hiht tremafer cegfieisstlon)y was abtaingd: t hr ough t he
l'inear portion of the data, which takes into account

the tine for the slurry caoncentration 5 in the reactor

to build up jo its steady&State value of three

turnovers, ahnguwhenc '( he 1mitially large hsi,,,@/

val ues. In the con‘p‘g Wy e Chieed ti ated reaction, the
slurry

where Q is the heat removed from the reactor during polymerization, A is the heat
transfer area of the reactor, Tsury is the average bulk temperature of the reactor
slurry, and Tweciice (MeCl is methylchloride) is the average temperature of the

frozen ice film, as defined in equation (4) below:

=—143.8-0.75(M) @

T MeClice

where -143.8 is the freezing point temperature (in °F) of pure methylchloride and

M is the wt% concentration of isobutylene in the slurry.



concentration is 25.3 w% by total weight of slurry,
di luent, nononers, and other reactor conponents. At
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reaction has a higher hs,,,, 0y value, thus translating
by equation (1) to a | ower (§V| scosity. Wen the

slurry concentration for the TMPCl initiated reaction
is increased to 29 ww% the hsl,,,,y value, and hence

the vi fﬁoa%téﬁ% Fgﬁ%“é 1BbwE Q@Iﬂggrau@é) Rt @eﬁ»@éeﬁﬁ HWﬁﬁ'tlek&Pbutyl

slurry ron s increased to 32.5 wt% for the
THBahetinitiohabetl THMRC! i iitiatddh dutydl pkoiymf:rlmiion at ywarigus slurry

R L
éﬂmﬁ orhzl% fc{a?a{nv?’rz t?} tathszé{ég aBloUhhihE tidke MQHe §lhﬁ'y-°doﬁédhl&atlon

ncent ion’is to 30 % and the heat
t fraths fekctor oe biild upm 1tm§teadyestaib welug of thrée BIMPGDS, ad Bepe the
Btu/ hrft2F vvhen aIS tﬁ con

t witadly,Javge hFhle/s cpmpara H%HC? HAL L?W%Fg(%]g)rﬁ] 1?}1% slurry
(l)r{c'egtlfr:%{on i&h§ %Swf%‘ % h@@t whigBhsf firrg,QBfueht infiHonRA] and other
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t u¢agBo®rs, and hence the initially large hsiu,,y
values. In this Exanple, HCl, tert-butylchlori de
(Al drich Chemi cal 30 Conpany), and TMPCI are used as
i niti atfhese data seyathat ﬂaemmyﬂrans&a@peﬁﬁn@nanﬁthecsbmmséwm 375

WO 2004/ 014 03/ 023
S 459 Pour 35‘% Wieh the s car R s P 3P ey the
Bth%é%mfs&@%%effﬂme?ﬁ WAL ﬁv).ug?flﬁ §fon2R00tto 450 (Btﬁ/HréééF ivdien the

turnovers at a slurry 25.6 wt % and
prshonceimsantration 15)1fr0@1 60 K B twt”g. 2 Theseatg )ndl‘W’Feﬂlat the TMPCI

oftn3a5 oot A P SRIBET ol gt Gt gt YR Sy

concentration to be run in the butyl reactor and/or longer reactor run lengths.

Figure 2. Figure 2 is a graphical representation of data showing butyl
polymerization conditions in an embodiment of the invention, the data plotted as
the reactor slurry side heat transfer coefficient as a function of reactor turnover. A
best fit line (linear regression) is drawn through the linear portion of the data,
which takes into account the time for the shurry concentration in the reactor to
build up to its steady state value of three turnovers, and hence the initially large
haury values. In this Example, HCI, tert-butylchloride (Aldrich Chemical
Company), and TMPCI are used as initiators in separate butyl reactions and

compared.



5 T/hr), the hsl,,,,y values decrease, thus indicated
that the slurry viscosity increases slightly. Wen
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and production rate of 6.3 Klb/hr (2.86 T/hr), the

hsiu y val ues increase to above 400 Btu/ hrft2F (2.27
kW nR2K). Thus, when conpared to tert-butylchloride and
HC, the TMPCI initiated polynerization efficiency is

i mprovged. 10 Figqure 3.-Thg .p : 300
the coner@lSh ?hﬁlﬂﬁo%%rgw %%?ﬁlﬂﬁlat eq?iggglf%g?@ﬁaﬁm

i Wﬁ@&‘ES?lWEW/mﬁKﬁﬂmw‘bm toof retabvdori twmrveisoat a durgs kel of

oF5 Gath SHPAIROEGE O 5] BHER Bat bikoRIE TOOuy Rlgride
te lﬁ oedanFaPc}r a?fa sfuﬂ?ol. 6@1%?‘259%% Al ﬂ_@ﬁﬁ’ct{?)'nQB&Qﬂ 685K hr (2.86

percentage 1 utyl ene conversion within the
r'ERE), e 1f-avdlussatecmase fihushiedicated dhad rthe slyirsangc@sity msreases

In the HJ initiated butyl pol i zat | i .
t sighilsoB el BYRC sl Bt Arstased of B ERE bhPBipduotion
t&t@@&%éﬁﬁﬂé?w g {hE 8, I8P BestihbrRag to aBEVO48E Biwhr-ft*°F

hour s. e conversion for tert-butylchloride initiated
.Y MEWImHC). oThiss whbw compated % tepidputylblomipapd Hily thglMPCl
reaction, the conversion.is from about 88.5%to about
8@1@6401%‘815@?9?%’1‘?8 egtﬁf‘é?‘ncg 1§ F]ﬁ%roﬁ%rﬁri od of from0.55

hours to about 0.7 hours. This enbodi nent of the

i nvention shows a 15% decrease of the_anpunt of

unr eacFaxkrendn GHsr presapbekdaple shows hoy the ¢ARYSIEIgH {of monomers

ovenent in .monomer n i: iféd s hRWMised.
RO oot PRI i Acpnbifn: B3R RboR R Nkse

CSPé’&ﬁéill?,n MuDBORER, glaphial mEpresentation hef catr showing butyl
butyl polynerization process. and_.all.ow ng a_,hi gher
s polymerigatiaeenndiions i #p © SR meh A ﬁ@rmmﬁ%ar the, gt plotted as
| engt 1 | BNitEn e Badibr Fé GQURRICHOn of the
h%b%??ré'ﬁ%tgée?Eség‘lltg%gte}gnp%rgﬁaggi omer at i %n tendency due
t Qedche réstdBeedmei scosity of the butyl slurry when
usi ng enbodi nents of the invention. Specifically,
Figure 4A is a graphical representation of data

showi ng, bty lyAOLWHRED ZRit10 Hob@eizhti®Sreadliodl the isobutylene
enbodi ment WO 2004/ 014968 PCT/ US2003/ 023284 30 .of the
i Ruavdrsion indremsesi fom pbayt 86 s b e toyer priegdencs tyae of

ialﬂf. Ctui6§(.) nﬁ%@éﬁ%ﬁfo%{faﬁ{eg%%%ﬁp@gghé ?12%#(% %l;%&ation is about
87.5%. For the TMPCI initiated reaction, the conversion is from about 88.5% to
about 89.5% isobutylene over a time period of from 0.55 hours to about 0.7 hours.
This embodiment of the invention shows a 15% decrease of the amount of
unreacted monomer remaining, i.e., a significant improvement in monomer
conversion. These data show that the TMPCI initiated reaction improves the
conversion of monomer, thus improving the overall butyl polymerization process

and allowing a higher slurry concentration to be run and/or longer run lengths.

Figure 4. The present example in Figure 4 highlights the lowered
agglomeration tendency due to the lowered viscosity of the butyl slurry when
using embodiments of the invention. Specifically, Figure 4A is a graphical

representation of data showing butyl polymerization conditions in an embodiment



representation of data show ng butyl polynerization
conditions in an enbodi nent of the invention, the
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reactor 5 residence tine wigh HO as the initiator.

The pressure is nmeasured at the feed inlet to the
reactor, and is representative of the internal

pressure within the reactor itself. Wen the internal

r Lor pfes i he ritdrNEb&aiel A6€a Afnction of reactor
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I—ﬁl t%l’% nlsy(lyﬁant&elﬁ\%yelai%? |ﬂgﬁm€d§15§li|&%aﬁog%}€8@| s 30 avvt % l\rlt)t e ea%c .
t legidelideftianenite $1G1ns theanitiatori The pedseurp ét Measyradas thapgsed inlet
graphs. The dat.a show t hat the .baseline pr

| tevibE 188¢teih 3O 13 feggqeg%qtlg{e roél tgcta il{}tgmi gae@g&gﬁ?ﬁ%ﬁhﬁh? reactor
theid m’ﬁéﬁ{heiiﬁtﬁﬁr&l LldE 10 PreRfifre @ik thihaudicaiR0bffuggiomeration
run. en HC

wever, I's used as the initiator, even
abf theeshimoyvin tisd awtiep or exvetflow hisecang i deteried ag anglogging and,

pressure bui.l dups afier 8 hoyr reaction tine, the
pﬁ%’é’ﬁiﬁr‘éssﬂ’[?i lpﬁfﬁ%& %rtﬁa%laogﬁi“hg"seﬁe%?ger' i ndi cati ons of

aggl oneration and cl oggi ng of the butyl reactor. 20
Figure S. The data in this exanple are con ﬁ;geng %h h
a | oweThedatain Figure 4A icwith o §lugy cReenbtign oki e P aiaHe the
enbodi ment f the, i . Fi gpiit 3ealPy, Not
F%W@ogcﬁniragoﬁ 0531%‘% glg‘qu{rngg%ggé%tugtﬁ%gg 'BF dat'a show ng o
biHediffefeAbas i Hezabitio soatobewt toths tiva geaphenfibdidatershowfthat the
the invention, the data plotted as .the er dra .
t bashoie prosHEe b BbRbastp Sy FERVEE conptiR Tty b pedtdr is
rea | L HRy. Mb&ER NwWTYPEL] iSud @8 @ initiator,
dgﬁéﬁgﬁfﬁge{%?gggﬁo% the reaction, and HOA is
peeaeitthé ovidnaluswdevd, theretaro fighifisanteessiesnbuildapy aftey 8 hours

g R
;%B@gm@m afid clolgBink O tHeAhRY] redtt@. 30 concentration of
pp

min the catal yst streamentering the reactor,
and 200 ppmin the reactor. Then, HO is added to the

S e S AR 4 5 i o

exit t concentration o
HGlisch8ityt e O RAPXLIRAGIGBePCHBIBRAGR! GE3BBAinvaition are used.

Specifically, Figure 5 is a graphical representation of data showing butyl

polymerization conditions in an embodiment of the invention, the data plotted as
the amperage drawn to power the reactor pump impeller as a function of reactor
residence time, wherein TMPCI is present during the first part of the reaction, and

HCl is present in the second part of the reaction.

In this example, the butyl polymerization reaction is run for about 22 hours
at a slurry concentration of 25 wt% using TMPCl as the initiator in a
concentration of 2000 ppm in the catalyst stream entering the reactor, and 200
ppm in the reactor. Then, HCI is added to the reactor, while the TMPCl-laden

slurry is allowed to exit the reactor. Specifically, the concentration of HCl in the
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catal yst streamentering the reactor is normally in
the range of from 100 to 200 ppm and the

i s between from ROT/US2088023284
ppm The transition periodsfromHd to TMPCL
initiator is about 2 hours. HC replaces the TMPCL
as the initiator, the notor that drives the reactor
purrp i npel I er nust 5 work harder to stir the slurry,

E%@é‘ﬁtﬁ% g *e%&%??ssﬁ&lﬁﬂyﬁh (¢ Rtee B Forh 300 to 200

OWer Vi scos TMPC1 as the
iZH0ahe cU%Ue'nﬁatﬁkﬁi in tMesbBadior isobdbwed:mﬁnm by taR0 ppm. The
equatlon the results in Figure 5 are ¢gnsisten
vtte@nsltlgqupgtlp@ froppHGhér TMP&léaﬁt@{or 153 t%(}boéllrsi v Hﬁd’i"r&ﬁaces
F p fh En@nm t
15kl eSOy gttt pptn s
Wabdkehat@rtth atir tie dhirey, BVAGlicated by shecihcreasask ]pqw\er\;g@\ive Jhis is
from241 to 261 Btu/hr-ft2F
F‘Fo@@ﬁ'@nﬁ withn, thenogves K SROSIEY ‘Ylﬁ'é Tﬁ’ﬁ%ﬁ ragt]ﬂﬁr er o’}/a\( ?Q While not

DGR SqRhionHBUESull WasighRaS ufeed)nsmtent with
WiJSMI"élljy,%ebegl nni‘ng WI t hlo?’he TMPCl ini tgl at ed react

awlat chpatiel (ZC)Mﬂmlcbprequte Spedficdly, te hasy ValEes When rlS the

As seen in er-.ab t

S btk AR, S SIRRELY (8 4 SEA R ) i
El t of fhietTNEPEI mltTah@@ RoaBi@rvaRerdnO WA 1 h@zenmmrﬁmlr (if37 to
€ i'nvention inproves heat transfer in the butyl

reaeﬂ(éﬁ/,m ’tlus i mproving the pol ynerization efficiency.
20 Figure 7. In these exanples, the polynerization
reactions were carried out in the cold bath of a dry

box usiFng86Nes ik exuiabloahé oamlfelramfe ofahe slory injthehexample of
mechani cal stirring at --95 ni

( Pigsid dvs epsured diragitvg ypglg@ﬁg é@ﬂg‘ tlhe %f})mtfa&d lieﬁctlon and
P ?%ngglt %a“ e@tlx\ﬁsofv Aey Uy Hestiidihed aI‘Xsr&‘éH‘ in the graph, the

renove excess HCl gas.
C Qerhptirituftt i l’steﬁdbr att-08.3pO 3t ﬁ‘é"rF),zlamSMdl@}QBs@ w}igllelﬁ pgdedas the

P HFIAZPREERELS SHE SRE AT PBtT OFis A BAR60s hea
( llsa.g?fgf H tﬁ@ﬁ&t PRActhh enEQARRAIRS the lpdbRieialiod efficienbye

Her 1 zatloh wer e passed through a drying columm or
vacuum distilled before use. The diluent, nethyl

chl ori sed_thr.ou aleP ied out

react | g‘sg“rf e Ig ° HFAReY %%@5&&&1‘9&8%%?@%%@? oF

ﬁ (RE QBRY B&th 3T 4 dpyHok eusiiig B uicek @bum botiem (3skaneactors with
uent before reaction and stored at -

Cohebhbmt:hi stifhing mﬁpt-f)éﬁ(br Thedinititer {2 ghlgyo- %ﬁg tﬁlmethyrl] pentane
SO TS R e P00 R B
remove excess HCI gas. The co-initiator for the polymerization (25 3 Wt% ethyl
aluminum dichloride in Heptane (EADC)) was purchased from AK7Z0O NOBEL
and used directly. The monomer (Isobutylene) and the comonomer (Isoprene) for
the polymerization were passed through a drying column or vacuum distilled
before use. The diluent, methyl chloride, was passed through a drying column
before reaction. The feed blend (10 wt% of monomer solution) was prepared
from the mixture of monomer(s) and diluent before reaction and stored at ~-95°C
in the cold bath. The initiator and coinitiator stock solutions were prepared by

mixing methyl chloride with distilled TMPCI and methyl chloride with 25 wt%
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gl assware used for the polynerizations was cl eaned

worah/01Hel net hyl chloride and 151 of 25.3 wWe@b/ESDE3/023284
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and prechilled to --95C in tfie cold bath right before

reaction. 300m of feed blend was transferred into the

clean glass reactor and chilled to -'-95Cin cold

bath before reaction. For shorter contact 5 tines,
QadifS s A HECPSISrbAgagRS Al efeattas withxPSbm

V\ngcthﬁ‘ eaF VY 3 ? }ge@ ?rr? co é) bat h ar?% t hen them

CRLANy T tabRde é&ﬁsls%lielﬁgls 3Faps BADE ambprtetitled tore85°C trhfée cold
initiator and coinitiator were m xed in_a gl.ass, v

\féatotln right efore meactiont 30mlof feed blgnsl wastransfegig 1nteohesglgan glass
sec, hef
B8 5ion et W55, B0 OB e O bl o cotc

r hﬁk?g = 56%11 ISSOR; Qﬁ‘lﬁ@h’cs \ihe fitBiDr Wes thiked veitlathiel feaeblend at
was adde uenc the reaction. After the sol vent

had5pOiih edlddfath andhthen pohfl; mﬁmimgva@rqdé@d i Fopothgioeqpigct times,

t 45C
e i aie (O TN orae SEHE S By R e Aot R TR times
{fkgz 3. seINE&IS&EAlQ@ s@@nB&PB@_ Is68) Sheddtd t@ﬁigahd/&ﬂ to the reactor.
i crency’ RXN1 NS Cataly

EWheni the teabin® tetﬁﬁer&g@ lg@bstmd r{skigh ﬁgqné}sopmmleﬂkaHT as

ntact 0 to 60 180 ..360 T
003 Bhe i e Rl B R BTt A B, e
ﬁé%r}e‘? Qs RirleAh QURduatcvel ot 4670 bedraipdy.. The @olymanlWa then
al so graphically depicted in Figure 7. 20

Diramnorediand weighed o eslewlateithe eaielygetficiencyever al
advant ages. Because of the rapid reactor nass fouling
rate that typically occurs, reactors had to be

B’E kALY 2 Af)ldicwta‘épmﬁﬁ&%ﬂi Cefmysammemy

GURAEC BERROTTT Ofolio T epl age anot hedr foul eto 360
reged @) The

As can be see, shorter contact times of TMPCI and EADC unexpectedly
resulted in improved catalyst efficiency. The results are also graphically depicted

in Figure 7.

Discussion

The present invention has several advantages. Because of the rapid reactor
mass fouling rate that typically occurs, reactors had to be operated at very low
slurry concentrations and heat loads to achieve the run lengths required to allow
washing and turnaround to be accomplished in the time available before the fouled
reactor had to be put back into production to replace another fouled reactor. The
present invention, as shown in the examples, will allow the butyl reactors to be
run at higher slurry concentrations and/or run at a lower concentration for a longer

period of time before fouling. In one embodiment of the invention, the run length



present invention, as shown in the exanples, wll
allow the butyl reactors to be run at higher slurry

w@oemgendsst i ons and/or run at a | ower concent reCT/O82003023284
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a longer period of tine befgre fouling. In one

enbodi nent of the invention, the run [ ength WO

2004/ 014968 PCT/ US2003/ 023284 33 is increased from

30%to 200% relative to the run |l ength when HC1 or C4

oy, - | 0 Mt HC1 or Cs or

S§§1§%§k&ﬁ%ré?ﬁ§h?£ O?A?Eemﬁﬁsgh%ggﬁﬁﬁﬁgggst t he heat4

t §aalE eitisotsra usdddn tleactadyst sy$erthe i nproved heat

transfer can allow either higher slurry

concentrations, or longer run length. The heat

transt Ehb%&ﬁ%é‘nkidf%ﬁé idventidtEn b eh@E heMardnsfet Rathirothe reactor.

vi scosi't e slurry as woul d be predicted using

t ke Bnladeasd et eramseraen eHowaithenirghar shirry qoneentratgns, ok ﬂ%}ﬂger
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claimed is: 1. A polynerization nethod for use in a
continuous slurry olynerlzatlon 5 reactor .in
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nononers and one or nore conjugated di ene nononers,
the reacted nononers formng the slurry within the

w0 e@enores t he net hod conprising reacting in aP@DUS2003/023284
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di luent the isoolefin and di gge nononers, a Lew s

acid, and an initiator, wherein the initiator has the
formula: RL I R2CX 1 R3 10 wherein Xis a

hal ogen; Rl is selected fromthe group consisting of

Clci 8B al kyl, and C2 to C8 al kenyl; R3 is selected

f romrtie group consisting of, Cl to C8 alkyl, C2to
C8Wahtie nlpimedhd: phenyl al kyl ; and R2 is selected from

the group consisting of C4 to C200 alkyl, C2 to C8

al kenyl , phenyl, 15 phenyl al kyl, al kyl phenyl, C3 to

Cl0 cych %yﬂdérizaﬁ&‘ij nRehdd For&sdin ReontiMieteslurr pslymerization
hal ogen; 'R5 is selected fromthe group consisting of,

Cl to resctel Kyl preparingCzandonTacopplyansys ; ofReNE 50k dperst agolefin

fromthe group cqnsistin f.o . 0
a1 keRgROris Sflonts ot dpe conifehild il niomersy thesepeted
the gr oupn&R&Sifeining td shhenylieinethe kequ@nitle, method comprising
a, w di phenyl al kane and - - (,CHZI)én -, .Wherein n is 3% ..

i nt egerreaeting in amglar gilugntdheiseplafin apd diege mogqmerss ajhWis acid,

20047 014300 BHL SR OR3P fortBs SR EhIA, O

adamant orn rrng systens, group being in
a tertiary carbon position; and wherein the Lew s
acid and the initiator are cojitacted with a contact
time of fromless than 60s pfior to contacting with

the isoolefin and the d'kene (—x
27

R;

wherein X is a halogen; R; is selected from the group consisting of C; to
Cs alkyl, and C; to Cs alkenyl; Rs is selected from the group consisting of,
C; to Cg alkyl, C; to Cg alkenyl and phenylalkyl; and R; is selected from
the group consisting of C4 to Cyoo alkyl, C; to Cg alkenyl, phenyl,
phenylalkyl, alkylphenyl, C3 to Cyo cycloalkyl, and

wherein X is a halogen; Rs is selected from the group consisting of, C, to
Cg alkyl, and C, to Cs alkenyl; Rg is selected from the group consisting of,
C; to Cg alkyl, C; to Cg alkenyl and phenylalkyl; and Ry is selected from
the group consisting of phenylene, biphenyl, a,m-diphenylalkane and --

(CHa)n--, wherein n is an integer from 1 to 10; and wherein Ry, Ra, and R3



5 nmononers. 2. The pol ynerization nethod of claim1,
wherein the contact tine is from |ess than 30s. 10 3.

wab@4pologsreri zati on net hod of claim1l, wherei nPCTES2003/023284
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contact tine is from |ess tjgan 25s. 4. The

pol yneri zation nmethod of claim 1, wherein the contact

time is from less than 20s. 15 5. The pol yneri zation

nmet hod of cl ai m 1, wherein the contact tine is from

| ess th n,15 }blaﬁ‘] th{}dx TO Béi in a

1, whef algo érnc%dn acty@%}rrre |})sl,zrﬁltrglo§)n§tg% Iessogtc h]gﬂn 13%

7. Theteﬁﬁlrylfabmp@snmn emad hod of claim 1, wherein the

contact_ tipe is from an 5s. 25 8. cont |

o1 U £ VTP L2361 G B et 57 Eprer T LY Bme

Copol yg@frém%ssolﬂ% Bbs gﬁé@to' &Relcahl Rmﬂpﬂh@fiﬁdcﬁefﬁﬂﬁhcbﬂﬁ diene
nore para- yl'st yrene nononers conpri sing

react | mgnomean anhydr ous polynerization system of

said nononers, a polar solvent, a Lewis acid, and an

initiator, said polynerization system being capabl e of

form n@hﬁgol 3Rz bRl agidam Pawherdiange comtatt thhels from

havi ng t fyorrru l'a: WD 2004/ 014968 PCT/ US2003/ 023284

36 R RisttanBB8s. wherein: Rl is an al kyl, al kenyl,

aryl, aral kyl, or aral kenyl group containing up to 30

5 carbon atons but not |ess than 3 carbon atons unl ess

R3 contrpi RslyRierizh@@S netivd ofl @it cwhersiat the abitant, tifRe is from

and R3 aré alkyl, aryl, or aral kyl groups containing
up to BBstanBon

4, The polymerization method of claim 1, wherein the contact time is from
less than 20s.
5. The polymerization method of claim 1, wherein the contact time is from

less than 15s.

6. The polymerization method of claim 1, wherein the contact time is from

less than 10s.

7. The polymerization method of claim 1, wherein the contact time is from
less than Ss.
8. A continuous slurry polymerization process for preparing random

copolymers of one or more isoolefin monomers and one or more para-
alkylstyrene monomers comprising reacting in an anhydrous
polymerization system of said monomers, a polar solvent, a Lewis acid,
and an initiator, said polymerization system being capable of forming an

in-situ electron pair donor initiator having the formula:



atons and can be the sane or different, x is a hal ogen
or a carboxy, hydroxyl, or al koxyl group, and 10 n is

W@ 2@asiess/e whol e nunber; and wherein the Lew BCHUBZH03/023284
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and the initiator are contactgd with a contact tine
of fromless than 60s prior to contacting with the

i sool efin and the para- al kyl styrene nononers. 15 9.
The continuous slurry polynerization process of claim
8, wherein the contact time is fromless than 30s.
10. The continuous slurry polynerization process of
claim8, wherein the contagt tine \s fromless than
25s. 20 11. The continuous /sl Bery pohymeri zation
process of claim8, whereih the contlact tinme is from
| ess than 20s. 12. The confinygous sluyry

pol ymeri zati on processRof— IaunuS,XMw rein the 25

contact tinme is fromless than 15s. 2004/ 014968

PCT/ US2003/ 023284 37 13. TNheRgonti nyious slurry

pol yneri zation process of chaim 8, efein the

contact tine is fromless than | Os. 14. The

continuous slurry polynerization process of claimS8,

wher ei nwhérein: 5 contact tine is fromless than 5s. 15.
r

A pol yngri zat i..0 t hod f.or in ' :

ol yrrer T gty Qe BreryinbrafiEf of P9 bl SifaBidéypto 30
an i sool ef i narbéieatosid GutbtNEss @RI Scarba atbmg uhless R| tontyins at
within the reactor, a Lewis acjid, and an initiator,

10 wher ei n tl¢astionpoieitig unsadratios, fornula: RL | R2 C

X R3R2 and Rj are alkyl, aryl, or aralkyl groups containing up to 30 carbon

atoms and can be the same or different,
x is a halogen or a carboxy, hydroxyl, or alkoxyl group, and
n is a positive whole number; and
wherein the Lewis acid and the initiator are contacted with a contact time
of from less than 60s prior to contacting with the isoolefin and the para-

alkylstyrene monomers.

9. The continuous slurry polymerization process of claim 8, wherein the

contact time is from less than 30s.

10. The continuous slurry polymerization process of claim 8, wherein the

contact time is from less than 25s.

11.  The continuous slurry polymerization process of claim 8, wherein the

contact time is from less than 20s.

12.  The continuous slurry polymerization process of claim 8, wherein the

contact time is from less than 15s.



wherein X is a halogen; R is selected fromthe group
consisting of Cl to C8 alkyl, and C2 to C8 al kenyl; R3

w0 200801468 ed fromthe group consisting of, ClPCDUER03/023284
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alkyl, C2 to C8 al kenyl and phenylalkyl; and R2 is

selected from 15 the group consisting of C4 to C200

al kyl, C2 to C8 al kenyl, phenyl, phenylalkyl,

al kyl phenyl, C3 to C10 cycloalkyl, and RS1 X CR4 R6
rei bt | 9GP | itN8. SMhektih the

\é\@)%si S?P%(gc og‘%u’%.o%? to &%ﬁ%@&g%&% E)gQ:ICMSﬁIaI kenyl ;

R6 i s seltadtiac it fiom kekethgn d0p consisting of, 20 Cl to

C8 alkyl, C2 to C8 al kenyl and phenyl al kyl; and R4 is

selected from the group consisting of phenyl ene,

biyphenythe @nfifidks PG [ RlJROEaBO procebCld€)clainr 8, wherein the

wherein n 1s an integer from1l to 10; and wherein R1,

R2, andomi3ct\¥he2id Gbh0le49t8n PET/ US2003/ 023284 38 can

al so form adamantyl or bornyl ring systens, the X

group being in a tertiary carbon position; and

wher ei \ hBEnefvhtfonefkthod Nfdr b€ in Al donfihGsusasierrg ol yandrization

with a confact tine of fromless than 60s_prior to

cont actéastprik prepatieg @ bowppelymer gf arpisoqighn, the reacted monomers

pol yner. zat i t hod .of [ , I Rt h t fe

P S0k the FR? iftin She rilotot oPDEER, Hobinf o8 Aftator,

met hod v@er&h gemiliator Waetheiformidle contact time is from

10 less than 25s. 18. The polynerization nmethod of

claim 15, wherein the contacg tinme is from Iess than

20s. 15 19. The pol ynerizati gh nethod of claim 15,

wherein the contact tine is arom | ess than 15s. 20.

The pol ynerization net d_of_CcJ_a.l_rg 115, wherein the

contact tine is from & I

R;

wherein X is a halogen; R; is selected from the group consisting of C; to
Cs alkyl, and C, to Cg alkenyl; Rs is selected from the group consisting of,
C; to Cg alkyl, Gy to Cg alkenyl and phenylalkyl; and R; is selected from
the group consisting of Cs4 to Caoo alkyl, C; to Cg alkenyl, phenyl,
phenylalkyl, alkylphenyl, C3 to Cyo cycloalkyl, and

wherein X is a halogen; Rs is selected from the group consisting of, C; to
Cs alkyl, and C; to Cg alkenyl; Rg is selected from the group consisting of,
C, to Cs alkyl, C, to Cg alkenyl and phenylalkyl; and Ry is selected from
the group consisting of phenylene, biphenyl, o,o-diphenylalkane and --

(CH,)q--, wherein n is an integer from 1 to 10; and wherein Ry, Ry, and R3
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| ess than 10s. 20 21. The pol ymerization nmethod of
claim 15, wherein the contact tine is from |ess than

W®2004/014968 PCT/US2003/023284

16.

17.

18.

19.

20.

21.

38

can also form adamantyl or bornyl ring systems, the X group being in a
tertiary carbon position; and
wherein the Lewis acid and the initiator are contacted with a contact time

of from less than 60s prior to contacting with the isoolefin.

The polymerization method of claim 15, wherein the contact time is from

less than 30s.

The polymerization method of claim 15, wherein the contact time is from

less than 25s.

The polymerization method of claim 15, wherein the contact time is from

less than 20s.

The polymerization method of claim 15, wherein the contact time is from

less than 15s.

The polymerization method of claim 15, wherein the contact time is from

less than 10s.

The polymerization method of claim 15, wherein the contact time is from

less than 5s.



